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SURGICAL TREATMENT OF GOITER 


WITH SPECIAL REFERENCE TO THE OPERATIVE TECHNIC * 


MONT R. REID, M.D. 
AND 
WILLIAM DeW. ANDRUS, M.D. 


CINCINNATI 


[here is perhaps no more thrilling story in the history of surgery 
than man’s efforts to relieve sufferers from thyroid conditions. For 
thousands of years persons with goiter were a perpetual challenge to 
the skill and ingenuity of physicians. They sought relief from the dis- 
tressing disfigurement, suffocation, difficulty in swallowing and heart 
disease. Hundreds of years ago the distress of some of these sufferers 
caused a few surgeons to discard discretion and to attempt operative 
removal of goiters when a lack of knowledge of fundamental surgical 
procedures doomed them to failure in most instances. In the literature 
there are records of some of these early attempts. It is extremely 
interesting to read these old records, not only because they recount 
thrilling and almost blood-curdling stories, but because they show 
forcibly the advantages that physicians of today possess and the great 
advances that have been made since that time. They make one realize 
the duty to posterity to try to continue the great progress that has thus 
far been made. Almost certainly a hundred years hence surgeons will 
view the work of today in very much the same light as present day sur- 
geons view the work of a hundred years ago. 

The fundamental principles of the technic of operating on the thyroid 
gland have been fairly well standardized for nearly a quarter of a cen- 
tury. With the use of anesthetics, the introduction of artery forceps and 
other aids to the control of hemorrhage and the development of aseptic 
surgery, the efforts of centuries to relieve patients with disfiguring and 
strangulating goiters began to yield encouraging results. This rapid 
development began about the year 1883. Prior to this time the text- 
books of surgery are uniformly emphatic in their counsel against the 
toolhardiness of attempting to operate on the thyroid gland. Records 
show that several hundred attempts had been made before this time, 

| that the mortality (especially that due to hemorrhage) was fright- 

lly high. To these intrepid pioneers we now point with pride, not 
ause of their results, but because of their failure to vield to a well- 
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nigh universal opinion. They stimulated an age-old interest that began 
to bear good fruit as soon as the time was ripe. Between 1883 and the 
early part of the twentieth century, the fundamentals of the technic of 
operating on the thyroid gland became established and were employed 
by the leading surgeons of the world. Since then, many refinements of 
technic have been made, which have simplified the operation and have 
reduced the mortality rate to a very low figure. 
In 1920, Halsted made this statement : 


The control of haemorrhage has always been, as it is today, the chief concern 
of the operator. Now the surgeon is provided with literally hundreds of artery 
clamps and the patient being anesthetized there is no need for haste; the operator, 
unperturbed by the cries or struggles of the patient or the fear of haemorrhage, 
proceeds calmly and surely from one step of a well perfected method to the next. 


At that time he described and illustrated his technic of thyroid- 
ectomy.' Our modifications of his technic have, we believe, made the 
operation and the control of hemorrhage easier and have reduced the 
danger of injury to the recurrent nerves and parathyroid bodies. 


TECHNIC 

1. The patient is placed on the table without hyperextension of the head and 
without much elevation of the chin. This position allows the greatest relaxation 
of the sternocleidomastoid, sternohyoid and sternothyroid muscles; consequently 
they can be retracted with much greater ease. The gland can also be delivered out 
of the wound much farther and much more easily. The advantages of this relaxa- 
tion more than compensate for the apparent hole in which one has to work. 

2. A straight collar incision is made high enough so that the resulting scar will 
be above the inner ends of the clavicle. This is usually determined by marking 
the skin while the patient sits up and holds the head slightly flexed. In this way 
the scar can often be placed in a natural wrinkle of the neck. A scar that comes 
over the ends of the clavicle and manubrium is usually conspicuous and unsightly. 

3. The skin and divided platysma muscle are retracted, exposing the thyroid 
cartilage above and the suprasternal notch below. This can usually be done with- 
out injury to the external and anterior jugular veins. We believe that the division 
of this muscle and its careful resuturing lessen the ultimate width of the scar. 
Certainly the careful suture of the platysma muscle allows an early removal of 
the skin sutures, and thereby avoids the danger of the cross-marks. Our skin 
sutures are removed at the end of forty-eight hours. 

4. The sternohyoid muscles are separated in the midline from the thyroid car- 
tilage down to the sternum. For many years we have not found it necessary to 
divide these muscles. 

5. The sternohyoid muscles are separated from the sternothyroid muscles back 
to the neurovascular bundle on each side. This can be done very easily, by blunt 
dissection and usually without the necessity of tying a blood vessel. When this 
is done, one can break through the thin fascia at the posterior margin of the sterno- 
thyroid muscle and thus completely free the posterior part of the superior pole 


1. Halsted: John Hopkins Hosp. Rep. 19:71, 1920. 
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Fig. 1—The line of incision marked so that the scar will be in one of the normal 


wrinkles of the neck. Note that it is placed well above the ends of the clavicle. 
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Fig. 2.—The position of the head, as compared to the position of extreme exten- 


often employed. 
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Fig. 3.—The subcutaneous tissues and platysma dissected free from the sub- 
jacent structures and retracted upward and downward. 
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Fig. 4.—Vertical incision between the sternohyoid muscles, which are then 
freed from the sternothyroid muscles as far posteriorly as the neurovascular bundle 
on each side. 
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Fig. 5—Breaking through the fascia between the neurovascular bundle and the 
posterior aspect of the upper pole of the thyroid before freeing the sternothyroid 
muscle from the gland. 
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Incision along the anterior border of the sternothyroid muscle. 
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One should not attempt this except at the upper pole, for at the middle of 
gland and lower the veins that run from the thyroid over to the jugular vein ; 
easily be injured. 


ne 


ay 


6. The sternothyroid muscle is split, freed from the gland and retracted under 
the sternohyoid muscle, which has previously been slid under the sternomastoid 
muscle. In the freeing of this last muscle it is helpful to get as close to the thyroid 
gland as possible without injuring it or its vessels. 


Anatomic studies show that the freeing of these two muscles paves the way 


for a much easier and wider exposure of the thyroid gland. It allows both the 
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Fig. 7——The sternothyroid muscle freed from the gland, the upper pole deliv- 
ered and its vessels grasped with clamps. 





sternohyoid and sternothyroid muscles to slip easily under the sternocleidomastoid 
muscle, whereas if it is not done, the binding fascial planes prevent their wide 
retraction. 


7. After the upper pole is freed far posteriorly, the finger is slipped behind and 
above it. The upper pole is then delivered downward and forward into the wound 
so that its vessels can be easily clamped. 


8. The superior pole vessels are then divided and the upper end of the thyroid 
gland freed from the trachea. 
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Fig. 8—The upper pole vessels divided between clamps, and the fascia between 


the anterior aspect of the upper pole and the trachea divided. 
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g. 9.—The right lobe rotated anteriorly, showing the vessels extending from 
gular vein to the middle of the gland. 











Fig. 10.—Showing the rotation possible after the division of the vessels shown 
in figure 9. The dissection has been carried behind the lobe. 
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Fig. 11—Exposure of the trachea at the lower margin of the isthmus 


mesial to lower pole vessels. 
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By pulling the divided end of the thyroid gland across the trachea and 
rd. the middle portion of the gland and lower pole can easily be freed back 
trachea and lifted into the wound. In this step it is essential to ligate the 
r veins that run from the gland out to the jugular vein. By staying close 
e gland, the recurrent nerve is freed and allowed to drop back away from 
ver of the further steps of the operation. 

With blunt forceps, the trachea just below the isthmus is exposed. 

11. The inferior thyroid vessels are then clamped and divided just after their 


rance into the gland. 
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Fig. 12—The lower pole vessels grasped and divided between clamps; the lat- 
eral branches remain to supply the portion of the gland not removed. 


12. The superior and inferior poles of the lobe are next held upward and mesi- 

allowing the application of clamps along the posterior part of the gland. The 
of application of these clamps is determined by the amount of gland that 

uld be left. 

13. The gland is divided, just distal to the row of clamps, to the anterior wall 
e trachea. In the application of additional clamps, we try to clamp the indi- 
ial vessels in order to avoid damaging the thyroid tissue. 

14. The isthmus is next freed from the trachea. At this point the operation is 
d until all vessels on this first side are carefully transfixed and ligated with 
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Fig. 13.—The lobe retracted strongly across the midline—clamps applied to the 
vessels of the capsule along the anterior margin of the portion to be left behind. 
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Fig. 14—The right lobe removed, the vessels ligated and the left lobe f: ed 
from the anterolateral aspect of the trachea. 
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Fig. 15—The excision completed—all vessels ligated—showing the position 








and approximate size of the portions left behind. 








rig. 16—The closure begun. The sternothyroid muscles loosely approximated 


the midline with interrupted sutures. 
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silk. This procedure not only eliminates the use of many clamps, but allows one 
to see exactly how large a portion of the gland has been left on this side. Ip 
this way, one can judge more accurately just how much gland should be lef; 
the other side. 

15. The operation on the opposite side is then performed in exactly the 
manner, except that traction on the freed isthmus makes the procedure easier 

16. The retracted muscles, the cut platysma and the skin are then sutured 
loosely with interrupted fine silk sutures. In some cases, a soft rubber protective 
drain is used for twenty-four hours. When this is done, an untied skin suture is 
left in place to be tied when the drain is removed. With this procedure, the site 
of the drain is never visible. 





Fig. 17.—Suture of the sternohyoid muscles. 


COMMENT 

The aforementioned operation is the typical procedure for an 
exophthalmic gland. However, the essential features of it are employed 
in all types of goiter. It is usually the easiest method of delivering sub- 
sternal goiters, and it is equally applicable to the nodular and adeno- 
matous type of gland. 

Of tremendous importance is the amount of gland that should be left 
and the procedure is often slightly modified to meet the requirements 


of the judgment of the operator in this respect. In the typical exoph- 


thalmic case, we leave no thyroid tissue at either the superior or inferior 
poles, for we believe that to do so increases the risk of recurrences. In 








REID-ANDRUS—GOITER 543 


cases, we also leave a relatively small posterior strip of gland along 
side of the trachea. With the introduction of the use of compound 
ncture of iodine and the consequent great reduction in the size of the 
ud before operation, we are leaving less of the gland than we formerly 
The small amount that is left probably increases in size to the 
ount that it was before the use of compound tincture of iodine solu- 


‘ig. 18.—The suture of the platysma, the knots thrown inside of the muscle. 





Fig. 19.—The skin sutures being placed. 


tion was begun. In nodular goiters in which it may be desirable to leave 
as much apparently normal gland as is possible and in which the danger 
of recurrence is less, we leave thyroid tissue at both poles as well as 
along the side of the trachea. We almost uniformly perform a bilateral 
resection of both lobes in cases of nodular goiters instead of enucleating 
enomas. 
Preoperative Preparation.—It is difficult to give any definite routine, 
some slight variation in preoperative treatment is usually demanded 
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by each patient. However, we shall discuss briefly some of the more 
important things that we do. 

1. Rest prior to operation is essential. The duration of this varies 
with the toxicity of the patient and his response to the preoperative ther- 
apy, but we insist that every one, even in the apparently nontoxic cases, 
has a certain amount of absolute rest. 

2. Compound tincture of iodine is given in every case. ‘The amount 
varies from 10 to 20 minims (0.6 to 1.25 cc.), four times a day. The 
obviously toxic patients receive the largest doses. Here, also, the dura- 
tion of this therapy varies with the toxicity of the patient and his 
response to the drug. Usually between five days and two weeks one 
gets the impression that this drug has had its optimum effect. The 
response to its use is always more satisfactory if the patient has not 








Fig. 20.—Showing the site of the drain, with suture placed, but left to be tied 
after removal of the drain in twenty-four hours. 


previously been receiving compound tincture of iodine. Indeed, some of 
our very sick patients, who have been taking the medicine for a long 
time, seem to do better and to get in better condition for an operation by 
omitting its use entirely. In the nontoxic or relatively mild cases, we 
permit the patients to take the medicine at home for several days before 
entering the hospital and thus shorten the period of preoperative prepa- 
ration in the hospital. 


3. One grain (0.065 Gm.) of phenobarbital is usually given three 


times a day. More or less may have to be given, depending on the excit- 
ability of the patient and the susceptibility to the drug. At any rate, 
enough is given to make the patient sleep a great deal. At 10 o'clock 
the night before the operation, 3 grains (0.195 Gm.) is given, and the 
dose is repeated one hour before operation. In addition, ™% grain 
(0.0162 Gm.) of morphine sulphate is given one-half hour before the 
operation. 
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t. Patients with nodular goiters and all patients with thyroid condi- 

ns beyond the age of 40, are given digitalis before operation whether 

not there is an irregularity of the heart action. We do this so that 
he patient will have in his system a considerable amount of this drug 
during the first forty-eight hours after operation, for one cannot fore- 
tell in what case a distressing auricular fibrillation will develop during 
this period. In many cases, particularly the long-standing ones, a per- 
fectly regular heart action prior to operation will be found and then 
suddenly an irregularity will develop afterward; in such cases, it is a 
comfort to have the patient at least partially digitalized. We think that 


any patient, regardless of age, who has weathered a long storm of hyper- 


thyroidism should be given from 15 to 25 grains (0.972 to 1.62 Gm.) 
of this drug. It is given during the four or five days before operation, 
and the amount is gaged by the size and weight of the patient and his 
response to or toleration of it. 

5. Food and fluids should be given most freely. Carbohydrates are 
the best food. We encourage our patients to eat candy, and this sug- 
gestion often brings a look of surprise, for many of them have denied 
themselves sweets for a long time. We often set a limit of from 3,000 
to 5,000 ce. on the fluid intake. If a patient does not cooperate in this 
respect, a large subcutaneous injection of salt solution not only does 
good but usually insures cooperation thereafter. 

6. The patient’s mental attitude should be carefully prepared for the 
operation. Minimizing the danger of the operation and stressing the 
good that it will do helps a great deal. Pointing out the gloomy future, 
but for the operation, often gives him a different point of view. We 
often say that he is lucky the heart trouble is due to a goiter. When 
one has instilled into the patient a feeling of absolute confidence, when 
one has made him eager for the operation in the hope of relief, a good 
job of psychotherapy has been done. 

7. One’s general impression of a patient’s condition is often a most 
valuable guide as to his preparation for operation. Disappearance of an 
anxious and strained expression, loss of fear and a steady pulse rate 
mean a great deal more to us than a drop in the basal metabolic rate. 
On the other hand, a great drop in the metabolic rate without a calmness 
of temperament and lowering of the pulse rate will not make us decide 
to operate. We rely so much on these general evidences of a patient’s 
preparation for operation and so little on the fall in the metabolic rate 
that we seldom make the latter determination after preoperative prepara- 

n has been begun. 

Anesthetics —We are strong advocates of local anesthesia but do 

insist on it unless the patient is so toxic or has such a bad heart 


t we think a general anesthetic will make a real difference in the con- 
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valescence. We employ local anesthesia in more than 90 per cent of « 
cases and are convinced that the convalescence is easier and the react 
less severe than after a general anesthetic. In a recent talk with Cri 
he expressed the belief that a general anesthetic could not help depre 
ing or affecting one’s vital processes. When we do use a general anes- 
thetic, nitrous oxide alone nearly always suffices. We have tried avertin, 
but we do not like it. Some of the operators in the General Hospital 
however, are, still giving it a trial. 

Postoperative Treatment.—During the first forty-eight hours the 
patient is kept very quiet and in a semireclining position. Morphine is 
used freely if necessary. Phenobarbital is given if there is no nausea. 
Not infrequently, patients with hyperthyroidism will be nauseated by 


morphine ; in such cases, a mixture of opium alkaloids may be tolerated 


more easily. 

Fifteen minims (0.92 cc.) of compound tincture of iodine is given 
every four hours until we are sure that the patient has passed the peak 
of the reaction. This usually occurs in the second twenty-four hours. 
After that the amount is reduced gradually and is usually discontinued 
in from four to ten days. We give it by mouth, but whenever any given 
dose is vomited, three times the amount is immediately given by rectum. 

The amount of the fluid intake is kept very high and is given by 
mouth or subcutaneously if necessary. In almost all toxic cases the 
patients are given from 2,500 to 3,000 cc. of physiologic solution of 
sodium chloride subcutaneously immediately after operation. A patient 
who has taken the maximum quantity of fluids, compound tincture of 
iodine and digitalis is much less likely to have a so-called thyroid crisis 
and is much better able to stand a serious reaction if this should ensue. 
Nourishment, particularly carbohydrates and fluids, is given freely by 
mouth as soon as there is no nausea. The pain of swallowing is not 
considered an excuse for not taking them. 

One half of the stitches are removed after twenty-four hours and the 
rest between forty-eight and seventy-two hours after the operation. 

The patient is watched at intervals for several months and is given 
definite instructions as to what to do with regard to diet, exercise, rest, 
the avoidance of excitement, etc. In this period, we often bargain with 
patients. For instance, we may tell them that they can begin to smoke, 
drink coffee or do other things after they have gained a certain number 
of pounds in weight. 

Complications —The aforementioned postoperative treatment takes 
care of practically all cases, but does not provide for the complications. 
We shall make mention of a few of the most important ones. Hemor- 
rhage occasionally occurs even when the operations are done by the most 
skilled surgeon. Doubly ligating the pole vessels and making the patient 
cough violently before closing the wound, in order to test any vessels 
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are not properly ligated, will make postoperative hemorrhage 
a rare occurrence. Drainage of the wound is not a safeguard against 
bleeding, for if it occurs, the wound will fill up and cause distressing 
symptoms even when a drain is inserted. If the nurses and assistants 
are trained to watch the contour of the patient’s neck and the ease of 
breathing, such hemorrhages can usually be detected very early. When 
hemorrhage does occur, the wound should be reopened immediately and 
the bleeding stopped. If this is done early enough, the wound can usually 
be reclosed exactly as it was at the primary operation. 
Respiratory distress is rare, but it does occur. It may be caused 
by injury of the recurrent nerves at the time of operation, or it may 











Fig. 21—Showing delivery of a substernal goiter and indicating the importance 
of continuing the dissection in the plane closest to the gland. 


occur later as a result of irritation or temporary paralysis of them owing 
to edema, ete. Our belief is that the so-called collapse of the trachea 
never occurs; the condition is always due to a disturbance in function 


ot the recurrent nerves. When this complication arises, the respiratory 


obstruction throws a great strain on the patient’s convalescence. It is 
particularly heavy burden to a patient with a cardiac condition. 
\lthough we have never had to do it, we would not for a moment hesi- 
tate to perform a tracheotomy in order to relieve the patient of the work 
trying to get air. We are sure that the tendency in such cases is 
wait too long in the hope that the trouble is due to a temporary 
ralysis of the nerves and will pass off with a subsidence of the wound 
tion. The exhaustion from respiratory labor may be enough to 
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make the difference between recovery and death. Early tracheoto 


adds only the complication of a mild wound infection and relieves the 


exhaustion of respiratory obstruction. If the obstruction is temporary, 
the tracheotomy wound heals promptly after its disappearance ; if per- 
manent, the tracheotomy wound will have to be permanent. If the 
tracheotomy is done after the patient is completely exhausted, it may 


be too late to avert death. 





Fig. 22.—Cross-section of the neck, showing on the left the plane of dissection 
of the posterior surface of the sternohyoid muscle, and on the right, the degree 
to which the sternothyroid and sternohyoid muscles may be retracted after this 
dissection has been carried out. 


The first symptoms of tetany should be detected. Restlessness, 
inability to sleep and occasional double vision are enough to warrant the 
making of a blood calcium determination. If the blood calcium is 8 mg. 
or less per hundred cubic centimeters, one is justified in giving calcium 
lactate by mouth. Early treatment will avoid the necessity of intra- 


venous therapy and the consequent danger of calcium chloride spread 
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ing into the tissues. Trousseau’s or Chvostek’s signs are warnings of 
impending convulsions, but even if these are detected early, intravenous 
therapy and the use of parathormone can usually be avoided. Ina recent 
case in which the goiter was retrotracheal, the patient complained of 
occasional double vision on the fourth day and held her thumbs slightly 
pulled in toward the palms. The blood calcium was 7 mg. One drachm 
of calcium lactate four times a day and ten drops of viosterol three 
times a day completely relieved the symptoms. These doses were 
cradually reduced to three a day, without symptoms, but when completely 
discontinued on the tenth day, the symptoms returned. It is too early to 
tell whether this is a temporary disturbance to the parathyroid bodies 
or whether she will have to continue the medication indefinitely. We are 
sure that early recognition of the symptoms avoided urgent measures for 
treatment. In any case, the treatment should be withdrawn as soon as 
possible, in order to stimulate the development of any parathyroid tissue 
that may be left. Experimentally, the least portion of parathyroid tissue 
left behind, or even transplanted into some other part of the body, will 
grow and furnish ultimately an adequate secretion if the animal is defi- 
cient in parathyroid secretion. As soon as patients with tetany learn to 
recognize the characteristic feelings and signs of the condition, they 
can be trusted to reduce the dosage of their medicines, for at the first 
evidences of its return, there is no question but that they will begin 
the medication or increase its amount. The general feeling of the 
patient with tetany must be a distressing one. 

When we have not been successful in anticipating and preventing a 
so-called thyroid crisis, we employ the following measures: 1. Absolute 
rest. Strong sedatives are necessary, such as morphine, opium alkaloids 
and paraldehyde. The dosage required is much more than the average ; 
the amount necessary can be judged only by the effect that is obtained. 
Some authorities give amytal intravenously when other sedatives have 
failed to give rest. 2. Great quantities of physiologic solution of sodium 
chloride and solutions of dextrose are given subcutaneously and intra- 
venously. 3. Compound tincture of iodine is given in large doses. 
4. Five cubic centimeters of a 10 per cent solution of sodium iodide is 
sometimes given intravenously. 5. The patient is immediately put into 
an oxygen tent or chamber. This procedure reduces markedly the work 
ot breathing, which would otherwise be necessary to meet the demands 
of the great increase in metabolic processes. 6. The patient is kept fully 


digitalized. If this is partially or completely done prior to operation, 
it is necessary only to supply a small daily amount. Some operators 
give 0.0008 Gm. of strophanthin, U. S. P., intravenously. In every case 
the advice of a cardiologist should be secured. 7. The administration 


ot 


thyroxine has been employed by Rogers and others. Our limited 
rience with its use does not allow us to comment on its value. 
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AN OSTEOBLASTIC OSTEOID TISSUE-FORMING 
TUMOR OF A METACARPAL BONE * 


HENRY L. JAFFE, M.D. 
Pathologist, Hospital for Joint Diseases 
AND 
LEO MAYER, M.D. 
Attending Orthopedic Surgeon, Hospital for Joint Diseases 


NEW ~° YORK 


Benign tumors of the short tubular bones of the hands and feet are 
relatively frequent. Malignant tumors occur rarely, and adequate 
information is not available to permit a full discussion of the nature 
of such lesions, or to draw conclusions concerning their clinical course 
and prognosis. We have observed a tumor of the fourth metacarpal 
bone that seems to be of interest clinically, roentgenologically and 
pathologically. 


REPORT OF A CASE 


The patient (C. Z.) was a girl, 15 years of age when she first came under our 
care. She had noticed a swelling in the region of the fourth metacarpal bone 
of the left hand in March, 1927, when she was 12 years of age. At first the 
enlargement was not great, but pain on pressure was present. Roentgen exami- 
nation at that time showed expansion of the diaphysis of the fourth metacarpal 
bone by a tumor extending from the base of the bone to the epiphyseal cartilage 
plate; the expansion was fairly symmetrical. The lesion was predominantly 
osteoclastic, but irregular zones of what appeared to be new bone formation could 
be observed throughout the lesion. The surrounding soft tissues were not invaded 
by the tumor, but a portion of the fifth metacarpal bone contiguous to it showed 
cortical and periosteal thickening (fig. 1). A biopsy was performed at another 
hospital in March, 1927, and in December, 1929, after the patient came under our 
observation, we obtained the slides prepared from the excised tissue. 

Clinically, there was no great change until about July, 1929, when the tumor 
began to grow rapidly. At this time roentgen examination showed that the entire 
metacarpal bone was involved in the pathologic process. The distal half of the bone 
was sclerotic, and calcific changes predominated. There was marked soft tissue 
swelling, as shown by a mass on the dorsum of the hand (fig. 2). 

During the next six months the lesion progressed rapidly, the hand enlarging 
considerably, and in December, 1929, the patient was first admitted to our hospital. 
She was a well developed and well nourished bright young girl, about 15 years 
of age, and presented no abnormalities except for the lesion in the left hand, 
which had existed for almost three years. This was a hard tumor, but was not 
painful, and the skin over it was tense. The fourth and fifth fingers were held in 
flexion, and extension was not possible. Urinalysis and a Wassermann test of the 
blood gave negative results. The lymph nodes showed no enlargement. 


* Submitted for publication, July 11, 1931. 
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tgen examination showed that practically the entire shaft of the metacarpal 
A small portion, restricted to the head with its 
The soft tissue swelling had progressed 
Bone production 


had been destroyed. 
iginous covering, still persisted. 
lerably since the last roentgen examination, in July, 1929. 
soft tissues was much more pronounced and characteristic than on any of 
-evious plates, and was predominantly transverse to the long axis of the 
The shafts of the fifth and third metacarpal bones were displaced by the 
some degree of periostitis was noted along the shaft of the third metacarpal 


while the shaft of the fifth metacarpal bone showed irregular atrophy. The 


anid | 





the expanded diaphysis of the fourth meta- 


Fig. 1—Roentgenogram showing 
| bone in March, 1927. Note that the epiphysis is free from disease. 


arpa 


s, ribs and lower extremities showed no metastatic foci. The conclusion 


iched by Dr. Pomeranz, the roentgenologist, was that the lesion was a malignant 


of the metacarpal bone, probably an osteogenic sarcoma (figs. 3 and 4). 


On Dec. 18, 1929, the patient was operated on by one of us (Dr. Mayer), who 
a 17 cm. incision on the dorsum of the left hand in the line of the fourth 
tacarpal, excising an ellipse of skin 2 cm. wide. Immediately beneath the skin 
found the smooth, well encapsulated surface of the tumor mass. This was 
ted free from the extensor tendons, and the dissection was carried toward 
The tumor was found densely adherent to the fifth metacarpal, 


Imar surface. 
as slightly adherent to the third metacarpal bone, from which it was readily 


ted by a chisel. The mass was disarticulated from the proximal phalanges 
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of the fourth and fifth fingers, care being taken not to injure the tendons of se 
fingers. On the palmar surface, it was enucleated without any appreciable damage 
to the tendons or the nerves. The removal of the tumor was apparently complete 


To fill the gap left by the removal of the tumor a tibial bone graft, about 13 


cm. long and 3.5 cm. wide at one end and 2 cm. at the other, was wedged firmly 





Fig. 2—Further involvement of the bone in July, 1929. Note that the former 
epiphyseal region is now involved. 


between the carpal bones and the phalanges, the narrow end being proximal. To 
give support to the fifth finger, a small shoulder was cut on the ulnar half of the 
graft. The wound was closed with no. 3 chromic catgut, an interrupted suture for 
the interossei and a continuous stitch for the fascia. The extensor tendons of 
the fourth and fifth fingers showed a marked laxity, due to the extreme stiffening 
caused by the tumor. They were therefore divided and overlapped by the button- 








Fig. 3—Note the marked enlargement of the tumor in December, 1929. The 
articular cartilage is seen. The dense shadow is caused by the newly formed bone 


ind calcified osteoid tissue. 


4.—Appearance of the hand before operation, in December, 1929. 








‘ig. 5.—Roentgenogram of the hand, bone graft in situ, in June, 1931 


6.—Appearance of the hand in June, 1931. 
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method, so as to take in the slack. Five or six sutures were taken, holding 

the tendons together. The skin was closed by subcutaneous and continuous stitch 

no. 00 plain catgut. The hand was immobilized in a plaster of paris splint, in 
slight hyperextension. 

lhe operative wound healed by primary intention. The patient has been seen 

at regular intervals. Up to the time this paper was written (June, 1931), there 

has been no sign of recurrence, either local or general, and the patient has gained 

25 pounds (11.3 Kg.) in weight. She has excellent function of the thumb and the 

index and middle fingers; the little finger has about 25 degrees of motion. The 

fourth finger is ankylosed to the bone graft. Further operative procedures are 


planned to give increased motion to the fourth and fifth fingers (figs. 5 and 6). 


Pathologic Examination—The tumor when removed measured 10 by 6.5 by 6 
cm. It was covered by a thin fibrous capsule which was almost completely intact, 





Fig. 7—The tumor. Note the numerous small cysts. 


i few rents being produced during its removal. The fifth metacarpal was 
extremely flattened, but lay completely outside the capsule. Its cortex was of 
irregular thickness, and showed the proliferation of periosteal bone on one surface, 
ipparently the result of pressure irritation. 
lhe tumor was of such consistency that it could be cut with a knife, but it was 
ite granular and firm, There was a peripheral zone, about 1 cm. in width, which 
vas whitish and gritty like osteoid callus. The inner portion of the tumor was 
ellowish white or pinkish in appearance. Within the substance of the tumor a 
small dense bony area was found, which consisted of calcified and ossified osteoid 
e and newly formed bone. This area produced the dense shadow seen in the 
ntgenogram. Near it a small piece of articular cartilage was observed, the 
‘ins of the fourth metacarpal bone. The cut surface of the tumor showed a 
ber of cysts, most of which measured only a few millimeters in diameter, but 
irge cyst 2 cm. in diameter was also present. Most of the cysts were lined 
1 thin membrane (fig. 7). 
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Pieces of the tumor were fixed in a solution of formaldehyde. To assure 
sectioning, these were decalcified in Mueller’s fluid. The paraffin sections were 
stained by the following method: hematoxylin-eosin, van Gieson, Mallory’s aniline 
blue, a modification of the Weigert fibrin stain and Foot’s modification of the del 
Rio Hortega stain. Some fixed but undecalcified tissue was stained by the 
Kossa and alizarin methods.! 


iSy 


von 


Histologic examination indicated that the tumor arose from cells capable of 
forming osteoid tissue and bone. The histologic picture was not uniform, as the 
lesion showed multiple foci of origin, and the process revealed different degrees 
of development in the various portions of the tumor. The least differentiated 
portions of the tumor were quite cellular and the cells seemed to be osteoblasts, 
though the methods of fixation and staining were such that many of the cytologic 
features peculiar to osteoblasts could not be observed. The cells in the least 
differentiated areas had large nuclei; nucleoli were present, and the cytoplasm 
had distinct basophilic tendencies. An occasional mitotic figure could be seen, but 
cell processes were not observable (fig. 8 A and B). 

The evolution of the tumor in the cellular areas was associated with the 
appearance of small aggregations of intercellular material between these cells, and 
the arrangement of the cells about the intercellular material in much the same way 
that young osteoblasts arrange themselves about new-formed osteoid trabeculae. 
The intercellular material stained red with eosin, pink with the van Gieson stain 
and blue with Mallory’s aniline blue stain. It developed between the osteoblasts, 
but it was not possible to say whether or not it was a secretion product of the 
osteoblasts, though the histologic appearances suggested such an origin. It was 
acellular and seemed to be amorphous when stained with eosin, but it was thought 
that its fibrillar nature might be demonstrated by silver stains or the modified 
Weigert fibrin stain. These showed that the intercellular material was composed 
of coarse, irregular and decussating fibers which stained like collagen. The fibers 
extended from the osteoid aggregations to between the osteoblasts (fig. 8 C and 


D). 


The small aggregations or trabeculae of intercellular material surrounded by 
cells had the histologic appearance of osteoid tissue. Between the osteoid trabeculae 
there was little cellular tissue. Some of the cells that did not differentiate into 
osteoblasts underwent degeneration, while others fused into large multinuclear 
osteoclasts. Few blood channels were observed. In spite of the marked cellularity 
of the lesion, one was impressed by the homogeneity of the process, and by the 
complete absence of tumor giant cells. 


After the osteoid material was formed it continued to increase in size. As a 
result, the lining osteoblasts became flatter, and the cells and vessels between the 
osteoid trabeculae became compressed. When the growth of the osteoid tissue 
reached large proportions, numerous areas of anemic necrosis appeared in it, due 
to a poor vascularization, and liquefaction often resulted. Osteoclasts appeared 
about the necrotic tumor as an expression of a foreign body reaction. On the 
other hand, large amounts of calcium were deposited in the necrotic osteoid tissue, 
so that it was calcified; finally it was ossified. The calcific material was first 
deposited in the necrotic osteoid tissue as dust, cells grew into the lacunae, and 
bone resulted (fig. 9). 

1. Jaffe, H. L.: Methods for the Histologic Study of Normal and Diseased 
Bone, Arch. Path. 8:817 (Nov.) 1929. Cameron, G. R.: Staining of Calcium, 
J. Path. & Bact. 33:929, 1930. 
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hig. 8—A, capsule of the tumor, immediately beneath which a thin trabecula of 
is seen. 


Beneath this, the cellular or least differentiated portion of the tumor 
bserved; < 135. 


B, the same area under higher magnification ; the intercellular 
terial is more clearly evident; * 550. C, further development of the tumor. 
osteoid aggregations are lined by osteoblasts; & 60. 


D, slide showing the 
llar nature of the intercellular material; « 150. 
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] 


Fig. 9.—A, photomicrograph showing further growth of the intercellular oste: 


material ; the lining cells are flattened; 120. 8B, anemic necrosis and calcification 
of the osteoid tissue; * 120. C, extensive calcification of the osteoid tissue and 
revascularization. Cells are reappearing and occupy lacunae; * 75. JD, ossificatior 


of the calcified osteoid tissue, with the formation of adult lamellar bone; * 75. 
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ig. 10.—, fiber-bone, the result of metaplastic ossification of spindle connective 
ie. This appeared in numerous portions of the tumor; « 75. B, a cellular area 
ction from the original biopsy; & 115. C, intercellular osteoid material and 


fied osteoid in section from the original biopsy; * 115. 
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Furthermore, in and about the areas of necrosis, young spindle connective ¢issy 


appeared. Calcification of this connective tissue also occurred and trabecul 
fiber-bone were produced, the result of the direct ossification of this con 


tissue. The trabeculae of ossified connective tissue were lined with osteoblasts 
Considerable amounts of loose, fatty connective tissue could be observed between 
the formed trabeculae. Large vascular spaces and cysts were observed in tl 


lis 
connective tissue. Osteoclasts in Howship’s lacunae could be observed on some 
trabeculae. Transformation of the coarse-fibered bone into fine-fibered lamellar 
bone was also observed (fig. 104). 

The capsule of the tumor was fibrous tissue, of the nature of periosteum 
Between the outermost zones of osteoid tissue and the capsule there was a thi 
layer of coarse-fibered bone. 

In none of the numerous sections studied was there any evidence of encapsulated 
cartilage cells, cartilage matrix or mature cartilage tissue. We believe that this 
is of considerable significance, as the appearance of cartilage or cartilage cells in 
osteogenic sarcoma is an indication of the low order of differentiation of the 





cells from which the tumor arises. It is therefore evidence of greater malignant 
potentialities. 

The histologic appearance of the sections prepared from the tissue removed in 
March, 1927, indicated that during a period of almost three years there had been 
no change in the morphologic nature of the tumor. The biopsy specimens showed a 
cellular osteoblastic tissue with a large amount of intercellular osteoid material 
These sections were, however, more cellular than those prepared from the tumor 
(fig. 10B and C). 

Sections of the tumor were submitted to a number of other pathologists, wh 
declared the lesion to be a highly malignant osteogenic sarcoma. However, we 
suspected from the beginning that the usual bad prognosis of osteogenic sarcoma 
would be modified in this case because of the absence of cellular polymorphism 
and the presence of abundant osteoid tissue. 


COM MENT 


We are dealing with an osteoblastic tumor that possessed a great 
capacity to produce osteoid tissue as its characteristic feature. The 
locally destructive nature of the tumor is evidenced by the fact that 
nothing more than the articular surface of the head of the metacarpal 
bone remained. But, in spite of its rapid enlargement during the six 
months preceding its removal, the tumor remained confined within the 
periosteum. In the course of its histogenesis the formation of trabec- 
ulae of normal coarse-fibered bone as a result of calcification of con- 
nective tissue also occurred. This bone eventually underwent creeping 
replacement. The osteoid nature of the tumor was indicated by the fact 
that the intercellular material contained coarse, irregular fibrils but no 
calcium. Calcium, however, could be demonstrated in the necrotic 
osteoid tissue and in the trabeculae of the newly formed coarse- 
fibered bone. 

Difficulties arise in classifying this tumor. It seems that to desig- 
nate it as an osteogenic sarcoma, without further qualifications indi- 
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cating that it differs morphologically and clinically from the usual 
osteogenic sarcoma, is to miss the opportunity of appreciating that 
various types of bone-forming tumors exist. If it is classified as an 
osteogenic sarcoma, its unusual capacity to produce great amounts 
of osteoid tissue is truly striking, and must be taken into consideration. 
Furthermore, the fact that it had grown slowly and had not metasta- 
sized in nearly three years, or recurred a year and a half after local 
extirpation, speaks for its being a peculiar tumor. That malignant 
tumors show differences in growth and prognosis depending on the 
bone in which they arise is definitely known. The location of this 
tumor in the metacarpal bone may be the reason for its slow growth, 
and possibly also for its peculiar histologic nature. The rate of meta- 
bolic exchange is normally slower in the short than in the long tubular 
bones, and a metabolic factor may be the reason for the slow growth 
of this tumor.? 

Virchow * designated as “osteoid chondroma™ an osteoid tissue- 
forming tumor that grew to great size but gave a better prognosis 
than osteosarcoma. He indicated that the “osteoid chondroma” was 
not related to the cartilage tumors of the chondroma type, but that it 
arose from cells capable of forming osteoid tissue. The confusing 
designation is due to the fact that in Virchow’s time osteoid tissue was 
called “knochenknorpel.” Though recognizing the characteristic nature 
of this type of tumor, he knew that “osteoid chondromas” might become 
malignant and change into osteosarcomas. He stated that these tumors 
may at one stage be soft and be cut with a knife, as they contain little 
or no calcium, but that when deposition of calcium does occur, this 
may be so considerable that the tumor can be cut only with a saw. 
The same view was held by Volkmann,* who described an “osteoid 
chondroma” in von Pitha and Billroth’s textbook of surgery, and indi- 
cated that these tumors were different from osteosarcoma. Like 


Virchow, he stated that the ‘“‘osteoid chondromas,” though giving the 


best prognosis, may undergo transition to enchondroma and _ osteo- 
sarcoma. Ribbert,> however, classed the “asteoid chondromas” of 
Virchow with osteosarcomas. 


» 


-. Jaffe, H. L.; Bodansky, A., and Blair, J. E.: Rate of Decalcification and 
Sites of Bone Lesions in Experimental Hyperparathyroidism, Proc. Soc. Exper. 

& Med. 28:793, 1931; The Sites of Decalcification and of Bone Lesions in 
perimental Hyperparathyroidism, Arch. Path. 12:715 (Nov.) 1931. 


( 


3. Virchow, R.: Die krankhaften Geschwiilste, Berlin, A. Hirschwald, 1863, 
1, p. 527. 


4. Volkmann, R., in von Pitha and Billroth: Handbuch der allgemeinen und 
iellen Chirurgie, Stuttgart, Ferdinand Enke, 1882. vol. 11, p. 462. 


Ribbert, H.: Geschwiilstlehre, ed. 2, Bonn, F. Cohen, 1914, p. 274. 
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Recently, Bergstrand ® reported two tumors that may be more closely 
related to the one being described. One of the patients was a girl, 16 years 
of age, with swelling and tenderness of the right foot of two months’ 
duration. The metatarsal bone lesion was observed for thirteen months. 
and although it showed no enlargement, it became more painful. Thy 
entire diaphysis of the metatarsal bone was resected, and the patient 
made a complete recovery. The second patient was a boy, 18 years of 
age. For two years there had been increasing thickness of the middl 
finger. Roentgen examination showed a destructive lesion in the distal 
half of the diaphysis. The phalanx was removed, and there was no 
recurrence of the lesion after three years. Pathologic examination 
showed a disease focus situated in the proximal portion of the diaphysis 
of the metatarsal bone and in the distal portion of the diaphysis of the 


phalanx. The centers of the foci, which were the size of a pea, con- 


sisted of an amorphous collagenous material. The structureless mass 
was surrounded at the periphery by a relatively wide zone of richly 
vascular tissue which was traversed by newly formed bony trabeculae. 
From this peripheral zone numerous thin-walled vessels entered the 
homogeneous mass. The center of the mass was nearly free from vessels. 
Between the vessels and the amorphous material were large protoplasm- 
rich cells containing vesicular nuclei. Bergstrand believed that these 
were probably osteoblasts or closely related cells. The cell-p OY amor- 
phous material became continuous at the periphery with the trabeculae 
of bone. Here osteoclasts and Howship’s lacunae were observed. The 
newly formed bony trabeculae were continuous with the preformed 
lamellar bone. In the preformed compact bone the vessel canals were 
enlarged and filled with loose fibrous connective tissue. 

Bergstrand was at a loss to classify these lesions. He conceived 
them as having arisen through a local disturbance in bone formation, 
tracing this disturbance back to embryonal life. He believed that the 
homogeneous intercellular material most closely resembled the inter 
cellular material of cartilage, and that it had resulted from a regressive 
change in embryonal cartilage. He was of the opinion that the lesions 
would have regressed spontaneously, the center of the focus being 
transformed into bone, had they not been operated on. We are inclined 
to think that the lesion described by Bergstrand is basically of the 
same nature as the one described here. He had two slowly progress- 
ing tumors capable of producing osteoid tissue. We believe that osteoid 
tumors exist; they resemble the “osteoid chondroma” of Virchow ; the) 
grow slowly, but may eventually grow rapidly; finally, if not adequately 


6. Bergstrand, H.: Ueber eine eigenartige, wahrscheinlich bisher nicht 
beschriebene osteoblastische Krankheit in den langen Knochen der Hand und des 
Fusses, Acta radiol. 11:597, 1930. 
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treated, they may take on rapid growth, and may even become malignant, 
developing all the features of an osteogenic sarcoma. 

fhe difficulty in arriving at conclusions concerning the nature and 
prognosis of malignant tumors of the metacarpal bones is illustrated 
when the literature is searched for such tumors. Handl? described two 
cases in 1906. One was a spindle cell sarcoma of the second metacarpal, 
occurring in a man 23 years of age. There was a history of a pro- 
eressive swelling of the hand for about eighteen months, with encroach- 
ment, during the last three months, of the mass on the palm. The 
tumor was excised, but no follow-up history was given. The other 
case was that of a 19 year old boy who appeared with a tumor of the 
right hand, the size of a man’s head. The phalanges of the thumb 
and the first and second metacarpal bones were completely involved, 
while the phalanges of the index finger and the bones of the radial 
portion of the wrist were only partially involved. No metastases were 
observed. The diagnosis arrived at from the amputated specimen was 
small round cell sarcoma with alveolar arrangement. No follow-up 
history was given, and some doubts may be entertained as to whether 
the lesion really was a primary malignant tumor of the metacarpal 
hones. It may have been a primary tumor of the soft tissue of the 
hand, secondarily invading the bones. The case reported by Bufalini ‘ 
was definitely one of metacarpal tumor. It arose from the third meta- 
carpal bone, and was diagnosed as a spindle cell sarcoma with a small 
intercellular matrix. The patient, a boy 18 years of age, had the tumor 
for seven years. It enlarged the palmar and dorsal aspects of the hand 
to the size of an orange. The report of this case appeared shortly after 
the hand was amputated, and no follow-up history, photomicrographs or 
illustrations accompanied the report. 

The osteogenic sarcoma group of tumors has probably most benefited 
by the recent classification of bone tumors by the American College of 
Surgeons. Previously these were given involved names, depending on 
the various modifications of bone-forming mesenchymal tissue seen in 
the section. As the histologic character of this tumor varies con- 
siderably in the different parts of the tumor examined, it is obvious 
that certain histologic criteria for the establishment of a diagnosis of 
osteogenic sarcoma had to be formulated. Histologic examination of 

specimen showed that some of the criteria for a diagnosis 


osteogenic sarcoma were fulfilled; there were, however, histologic 


Handl, A.: Ueber ein grosses Sarkom der rechten Hand, Inaug. Diss., 
ngen, 1906; New York Academy of Medicine reprint no. 34353. 


Q a oe, : . ° ° ° ° 
Bufalini, M.: Contributo allo studio anatomo-patologico e clinico dei 


mi della mano e alla protesi cinematica a motore alternante dell’avambraccio, 
ital. di chir. 4:189, 1921. 
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features about the specimen that made it appear doubtful that we wer 
dealing with a truly malignant osteogenic sarcoma. The clinical cour 
of the case seems to bear this out. 

SUMMARY AND CONCLUSION 


We described an osteoid tissue-forming tumor of a metacarpal t 


began in a girl 12 vears old. At first the tumor grew slowly. 


biopsy was performed, the histologic sections showing osteoid tissue 
and numerous osteoblasts. The growth was slow for about the next 
two years, when it became very rapid. After growing rapidly for about 
six months, an encapsulated mass measuring 10 by 6.5 by 6 cm. was 
removed from the hand; section showed almost complete destruction of 
the metacarpal bone. The peculiar feature of this osteoblastic tumor was 
its capacity to produce large amounts of osteoid tissue, much of which 
was free from calcium. The tumor had some features common to 
osteogenic sarcoma, but showed a complete absence of cartilage or 
cartilaginous elements in numerous sections. It was especially charac- 
terized by homogeneity of the histologic picture, a lack of polymorphism 
of the cells and an absence of tumor giant cells. 

There has been no recurrence one and a half years after extirpation. 
The patient has gained 25 pounds in weight, and has remained free 
from metastases for over four years after the original biopsy in March, 
1927. We believe that the case demonstrates an instance of so-called 
“osteoid chondroma” of Virchow, which is an osteoid tissue-producing 
tumor, the prognosis of which is better than that of osteogenic sar- 
coma. It is our belief that had extirpation of the metacarpal bone been 
delaved much longer, the tumor probably would have undergone 
biologic transformation and developed the malignant capacities of true 


osteogenic sarcoma. 


9. It is now (at the correction of the proof) two years since the tumor was 
extirpated, and the patient is in excellent health. 








fHE ACTIVITY OF ISOLATED INTESTINAL 
SEGMENTS * 


CHARLES B. PUESTOW, M.D. 


CHICAGO 


In the course of studies dealing with the physiology of the dis- 
charge of bile into the intestine, it was noted that a segment of duodenum 
which was completely isolated from the remainder of the gastro- 
intestinal tract increased in activity following oral administration of 
food, although food or gastric secretion did not come in contact with it. 
Increase of duodenal secretion and vascularity of the segment were also 
noted. Because there was no mechanical distention or direct stimulation 

this segment by food or gas, the increased activity must have arisen 
from a nervous or circulatory stimulus. To investigate these obser- 
vations further, studies were made of the activity of various segments 
of small bowel, isolated from the remainder of the intestinal tract and 
sutured to the abdominal wall. These segments soon recovered a 
healthy appearance and gradually resumed activity. Such preparations 
permitted direct observations on the activity of these segments in intact 
animals over long periods of time and under various conditions. Obser- 
vations were made only on isolated segments of intestine and were 
limited to their activity before and after the animals had been fed. Later, 
the segments were completely denervated and the effects noted. Electro- 
grams were also made and an interpretation of them suggested. 


METHOD 


he object of the surgical procedures (fig. 1) was to isolate segments of bowel 

1 various portions of the small intestine and to bring them to the surface of the 
ibdomen, where they could be studied by direct observation (fig. 2). The abdomen 
vas opened under ether anesthesia and aseptic technic by an incision in the median 
line, of the same length as the contemplated segment of bowel, usually about 10 cm. 
he desired portion of intestine was identified and a segment found which was 
supplied with one large artery and its accompanying vein. The intestine was then 


+ 


ioned at each end of the segment, and the mesentery split down to the root. 
he remainder of the intestine was reunited by end-to-end anastomosis. The iso- 
| segment was brought out of the wound, and the muscle and fascial layers of 
ibdominal wall were closed beneath it by two or three interrupted linen sutures. 


* Submitted for publication, July 13, 1931. 


Work done in the Division of Experimental Surgery and Pathology while 
low in Surgery, the Mayo Foundation, Rochester, Minn. 


Puestow, C. B.: Discharge of Bile Into the Duodenum: An Experimental 
(rch. Surg. 23:1013 (Dec.) 1931. 
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Care had to be exercised to avoid strangulation of the mesenteric vessels. It was 
necessary to be sure that the ends of the segment were identified; usually th 


} 
end of the bowel was placed in the cephalic end of the incision. 


rad 
The intestine 
sutured to the skin and subcutaneous tissues by a continuous suture of catgut. 


Vas 


was placed close to the mesenteric attachment, so that most of the bowel was 
exposed. The isolated bowel soon underwent a severe inflammatory reaction, 
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Fig. 1.—Operative procedures for isolation of an intestinal segment on the 


abdominal wall: a, lateral view; the broken line across the mesentery indicates 


where it and its enclosed structures eventually will be severed; ), view from witl 
out, with line of sight at right angles to the surface of the abdomen; « 


-, view along 
longitudinal axis of isolated segment. 





Fig. 2.—Isolated segment of ileum. 


which it completely recovered in from ten to sixteen days. By this time it had 
resumed muscular and secretory activity. 
In an effort to denervate the segment, the abdomen was opened by a rectus 
incision and all structures of the mesentery to the isolated bowel were sectioned, 
except the artery and the vein. The adventitial coats of these vessels were care! 
dissected off to divide any nerve fibers accompanying them. Thus the blood vessels 


were the only original connections remaining between the isolated bowel and the 
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i the animal. However, because of the possibility of nerve fibers existing in 

-alls of the blood vessels, the abdomen was again opened, and the vessels were 

ded. This severed all original connections between the loop of bowel and the 

_ and established complete isolation of the segment from any direct influence 

he central nervous system. Sufficient collateral circulation from the skin and 

subcutaneous tissue had become established to maintain the intestinal segment in 

in apparently healthy condition. To eliminate the effects of the sight, smell and 

taste of food, in one animal a gastric fistula was established which permitted feed- 
ing without these factors coming into play. 

Direct observations were made of the isolated segments in various stages of 

fasting and digestion, before and after denervation. Several methods of recording 

the activity of the bowel were attempted. Balloons were placed in the lumen and 


attached to a recording tambour. This method was unsatisfactory, because the 
di 


stended balloon stimulated the intestine to constant maximal contractions unin- 
fluenced by feeding or fasting. Motion pictures were taken and gave fairly satis- 
factory records of the visible activity. 

Electrograms were obtained by placing fine silver wire electrodes, coated elec- 
trolytically with silver chloride, 1 cm. apart on the long axis of the isolated intestinal 
seement. The orad electrode was connected with the right arm lead, and the 
caudad electrode was connected with the left leg lead of the electrocardiograph. 
The potential thus developed was measured and photographed in the usual way, and 
. fairly definite type of curve was obtained. The mechanical contact of the elec- 
trodes with the bowel did not seem to alter the activities of the latter in any way. 
Records were taken when the segments were visibly quiet and when they were 
visibly active, in fasting and nonfasting states, before and after denervation. The 
effects of peritonitis and of ether anesthesia were also noted. 


RESULTS 
Direct Observations.—In a series of dogs in which isolated segments 
of duodenum were transplanted onto the abdominal wall and opened 
longitudinally opposite the mesenteric attachment so that the mucosa 
was exposed, several factors relative to intestinal activity were noted. 
In the fasting state, there was usually very little muscular activity. 
Immediately after feeding there was either no change or an increase of 
activity lasting from one to two minutes. From fifteen to thirty minutes 
ifter ingestion of food, activity of the segment gradually increased, 
reaching a maximal activity in from a half to one hour. This degree 
of activity persisted for half an hour or longer, and then slowly 
diminished. Associated with this intensified muscular activity, there 
Was an increase in duodenal secretion and greater hyperemia of the 
ement. 
Observations on isolated segments of jejunum disclosed several 
teresting and rather constant features. In the fasting state, the bowel 
en appeared inactive and relaxed for periods of time varying from a 
minutes to twenty or thirty minutes. At other times, it contracted 


191 


larly, but usually not strongly. When contractions were present, 


‘rate was constant. In most animals there were cycles of activity. 
contractions would begin feebly, would steadily increase to maximal 
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strength and then would diminish until they were no longer visible to 
the naked eye, and the bowel would appear inactive for from one to 
two minutes, when another active phase would begin. Such cycles were 


very regular, and usually lasted from four to six minutes. Feeding 


usually was followed in from twenty to forty minutes by greater 
muscular and secretory activity and increased hyperemia. The response 
was usually more delayed than it was in the duodenum. The increased 
muscular activity was manifested by stronger and more regular con- 
tractions, the rate remaining the same. In some animals the cycles 
of activity were not apparent after feeding; in others they persisted, 
but the inactive phase was relatively shorter, and during the active phase 
contractions were stronger. The muscular tonus of the segment was 
also increased. Increased activity following feeding was noted in most 
animals studied. In a few, in which increase was not definite, the 
jejunal segment was very active in the fasting state and remained so 
after feeding. ‘To determine whether the taste, sight or smell of food 
initiated these responses, an animal was prepared with a gastric fistula 
through which it could be fed. When food was introduced into the 
stomach by this route, the response of the isolated segment of jejunum 
corresponded to those following oral feeding. 

Isolated segments of ileum likewise had periods of quiet and of 
activity in the fasting state. However, a longer period of fasting 
seemed necessary to promote relaxation and diminished activity of the 
isolated segment of ileum than of the isolated segment of jejunum. The 
rate of contraction was slower and the cycles of contraction were less 
definite. Food seemed to stimulate increase of activity, but this 
response often was not apparent for one or more hours after feeding 
and was usually not marked. In general, it seemed that the various 
segments were most active when food was in the portion of the bowel 
from which the segments had been removed. 

Observations were made after division of all extrinsic nerves to the 
various segments. The phenomena were not constant. Sometimes in 
the fasting state the segment would be inactive and relaxed for long 
periods of time; again it would contract regularly at maximal strength. 
The rate of contraction, however, was always constant for a given 
segment, and corresponded to the rate of that segment before dener- 
vation. Feeding likewise was followed by varying degrees of activity, 
but definite changes in activity could not be established as attributable 
to the ingestion of food. The hyperemia and increased secretion noted 
after feeding, before denervation, did not seem as definite after section 
of the nerves. Whether the animal fasted or was fed, the intestinal 
segments seemed to be least active when the animal was first placed on 
the table, and the strength and number of contractions seemed to 
increase slowly. The average amount of muscular activity under all 
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nditions was greater after than before denervation. Although evidence 


( 


cycles of contraction were found in a few cases, they were not as 


lefinite as when the nerves were intact. 


ELECTROGRAMS 
Electrograms were made without apparently disturbing the activity 
f the intestinal segments. Very definite complexes of altered electrical 


Fig. 3 !, electrogram made when there was no visible contraction. B, electro- 
ram made during visible activity. Signals indicate onset of each visible contrac- 
C, visible contractions were absent during the recording of the upper electro- 

ram and were present during the recording of the lower one. All electrograms 


re of isolated jejunal segments. All time intervals, fifteen seconds. 


tential could always be obtained in the healthy segment of intestine, 
ether or not visible activity was present (fig. 3). When contractions 
e visible, they always corresponded in time to the same phase of the 


plex recorded. More variation in this phase was seen when the 
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bowel. was active than when it was quiet. The rate of intestinal c 
traction, when visible, always corresponded with the rate recorded in 
the electrograms. It was almost constantly uniform for each individ 
segment, whether the animal was in the fasting or in the nonfasting 


TABLE 1.—Electrographic Rates in Complexes per Minute Before and 
d {fter Feeding 


Non Hours After Feeding 
Situation of fast Fast - ‘ - 
Dog Segment Date ing ing 0.5 l 1.5 2 4 °4 
1 Jejunum, 60 em. below May 13 10.6 10.4 Radi aon er 
ligament of Treitz May 16 , 11.0 10.5 10.8 10.5 
May 30 10.4 10.0 10.0 acts 10.0 
June 4 11.2 11.2 an 11.2 — —. 
June 6 11.0 11.0 11.0 11.0 11.0 
June 13 11.3 ban ich ewan 4 want 
June 21 - 12.0 - 12.0 ee en 
2 Jejunum, 10 em. below May 30 11.3 10.4 10.0 10.0 10.0 
ligament of Treitz June 6 ‘ 11.0 10.5 atin 10.0 she ane 
June 13 9.0 (24 hours after denervation) 
July 27 11.0 10.5 10.5 “ 10.5 10.7 
July 28 : 11.0 ; 
August 4 11.2 ; 
Jejunum, 12 em. below May 30 12.0 12.0 12.0 —_ 12.0 
ligament of Treitz June 4 13.0 12.0 ae 12.7 <a ; 
June 13 12.0 (24 hours after denervation) 
June 2: 12.0 : ae wees wee anes 5 
4 Tleum, 50 em. above May15 ‘ 9.7 9.7 i 
ileocecal juncture May 17 ; 9.5 9.5 9.5 ee 9.5 
May 19 9.5 peel eae : cme ; 
May 27 9.2 9.2 9.0 9.0 9.0 
May 30 9.0 9.2 9.0 ‘ 9.0 ena 
June 6 9.0 9.0 9.0 9.0 9.0 
June 21 9.4 aries 9.4 
June 25 — 9.0 ecce 
Taste 2.—Electrographic Rates According to Situation of Segment 
Rate in Complexes per Minut« 
— —A—__— s 
Dog Situation of Segment Average Maximal Minimal 
5 Duodenum at ampuila of Vater ‘ 18.4 
6 Duodenum at ampulla of Vater. 18.0 
7 Duodenum at ampulla of Vater 17.0 
8 Duodenum at ampulla of Vater , 15.5 
9 Duodenum below ampulla of Vater.. ; 14.0 P 
2 Jejunum, 10 em. below ligament of Treitz 10.6 11.3 10.0 
3 Jejunum, 12 em. below ligament of Treitz. 12.2 13.0 12.0 
10 Jejunum, 40 em. below ligament of Treitz 13.0 13.2 12.7 
1 Jejunum, 60 em. below ligament of Treitz 10.8 12.0 10.0 
4 Ileum, 50 em. above ileocecal juncture one 9.2 9.7 9.0 
11 Ileum, 50 em. above ileocecal juncture seb thpiepnaniied 9.3 


state. In some instances feeding seemed to slow the rate very slightly, 
but this was not constant (table 1). Similar records were obtained 
after denervation, and the rate was not altered. The rate of complexes 
as recorded on the electrograms varied with the portion of the intestine 
from which the segment had been isolated. It was most rapid in the 
duodenum, less rapid in the jejunum and least rapid in the ileun 
(table 2). 
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To ascertain that the electrical responses were not due to activity 
ot the muscularis mucosae, the latter with the mucosa was stripped 
off from an isolated segment of the bowel. Records obtained after this 
procedure were similar to those made before it. Electrograms were made 
with the segment in various stages of inflammation. As the disease 
became more advanced, the electrical responses grew weaker, and slightly 
less rapid, until they finally disappeared. When the segment began to 
recover from the inflammation, the responses returned and gradually 
increased to normal strength and rate. Throughout this time there was 
no visible activity. Records were made with several animals intact, and 
then with them under ether anesthesia. It was found that the rate of 
responses diminished in proportion to the depth of anesthesia and 
returned to the normal rate when the animals had recovered from the 
narcosis. 


COM MENT 


Direct observation of isolated segments of intestine exposed on the 
abdominal wall showed them to have a certain degree and nature of 
activity when the animal was in the fasting state. After feeding there 
was an increase of muscular and secretory activity and hyperemia of 
the segment. These changes were greatest in the duodenal segments, 
less marked in the jejunal portions of bowel and least noticeable in 
the lower part of the ileum. The onset of response appeared earliest 
in the duodenum, and the latent period increased proportionately to 
the distance down the intestinal tract at which the segment was isolated. 
It seemed that greatest activity corresponded to the time during which 
food was in the portion of the bowel from which the segment had been 
removed. Food did not come in contact with these isolated segments, 
because there was no direct contact between them and the remainder 
of the intestinal tract. Therefore, the stimulation causing increased 
activity of these segments must have been transmitted through nervous 
or vascular routes. In an effort to determine the importance of the 
extrinsic nerve supply, all possible fibers going to the segment were 
severed. Following this, there was not the definite increase in muscular 
and secretory activity and in hyperemia after feeding that had been 
noted before denervation. Although general activity of the segments 
Was greater, no definite influence exerted by food could be established. 
This suggested that extrinsic nervous control was a factor in the 
responses to feeding of the isolated segments of intestine, and that nerve 
libers reaching the bowel by way of the mesentery seem to have an 


nhibitory and regulatory power. An animal fed through a gastric 
tula responded in a manner similar to those fed orally. This indicated 
it the stimuli were not due only to the sight, taste or smell of food. 


Electrograms of isolated intestinal segments demonstrate some 
inite and constant complexes that can be divided into four phases and 
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interpreted as follows (fig. 4): (a) A sharp negative and then a positive 
deviation occurs, which is considered to be due to the spread of excita- 
tion in the muscles. Whether this is of neurogenic or myogenic origin 
has not been determined. (b) A prolonged phase of positively altered 
electrical potential follows. Visible contractions of the isolated bowel 
always correspond in time to this positively altered phase and are 
signalized by the appearance of fine oscillations, which are seen chiefly 
in the early part of this phase, but which sometimes also occupy the 
latter portion of the preceding phase. The number and amplitude of 
these fine oscillations are fairly proportional to the degree of visible 


activity. When the intestine is not visibly active, this phase is uniformly 


i old 


Fig. 4.—Interpretation of electrogram. Upper type obtained when there is no 
visible intestinal activity. Lower type obtained when there is visible activity of 
transplanted intestinal segment. Excitation phase is indicated by a, phase of mus- 
cular tension or activity by b, end of muscular activity by c, and iso-electric or 
resting phase by d. 


level and is probably due to altered muscular tension not visible to the 
naked eye. (c) There is a final deflection that is similar to an inverted 1 
wave of the electrocardiogram and probably represents the end of mus 
cular activity. (d) A short iso-electric phase is seen. This probably 
corresponds to a resting phase betore the next stimulus occurs. 

The rate of these electrical complexes for a given segment was almost 
constantly uniform and regular in both fasting and nonfasting states 
of the animal. Denervation did not noticeably alter the electrograms 
either in the form or rate of the complexes. This suggests that thes¢ 
complexes are due to some intrinsic mechanism in the segment. It also 
suggests that a rhythmic activity is taking place in the intestine at all 
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times, and that ingestion of food only changes the intensity of 

contractions and not the rate. The rate, as recorded by the electro- 
eram, corresponded to the rate of visible contractions when they were 
present, and the same rate continued when no activity could be seen. 
It was greatest at the oral end of the intestine and diminished toward 
the terminal portion of the ileum. This gradation in rate is in con- 
formity with the observations that Alvarez* has been making for a 
number of years on the intestinal gradient. In only two conditions 
studied were any marked changes in rate noted; these were inflamma- 
tion of the isolated segment and deep ether anesthesia, in both of 
which the rate was moderately diminished. Alvarez and Mahoney,* 
in 1924, obtained electro-enterograms of peristaltic rushes passing vari- 
ous points of the intact intestinal tract of rabbits. Their records were 
not interpreted, but some of them bear a certain degree of similarity to 
electrograms obtained in this study on isolated intestinal segments. 


SUMMARY 

Various segments of bowel were isolated from the intestinal tract 
and transplanted onto the abdomen. It was observed that feeding 
stimulated an increase of muscular and secretory activity and hyperemia 
of these segments. Because food did not come in contact with the 
segments, the stimulus must have been carried by nervous or vascular 
pathways. Following division of all extrinsic nerves to these intestinal 
transplants, the response to food could not be clearly demonstrated. 
[his suggested that the increased activity after feeding was at least 
partially due to extrinsic nervous control. 

Electrograms made of these various isolated segments of intestine 
revealed a characteristic curve of altered potential. They also showed 
a constant rate for a given segment under most conditions studied. 
The rate was most rapid in duodenal segments, less in jejunal seg- 
ments and slowest in segments of the lower part of the ileum. Peri- 


¢ 


tonitis and ether anesthesia were found to diminish this rate moderately. 


3) North Michigan Boulevard, Suite 1308. 


2. Alvarez, W. C.: The Mechanics of the Digestive Tract, New York, Paul B. 
He eber, Inc., 1928. 


3. Alvarez, W. C., and Mahoney, Lucille J.: Peristaltic Rush as Depicted in 
Electro-Enterogram, Am. J. Physiol. 69:226 (July) 1924. 





CONCRETIO CORDIS 
II. CARDIOLYSIS FOR CONCRETIO CORDIS * 


A. BIGGER, M.D. 
RICHIMOND, VA. 

The surgical problems involved in the treatment for concretio cordis 
are distinctly different from those involved in the treatment for medias- 
tinopericarditis. In mediastinopericarditis, the main indication is relief 
from interference with the systolic contractions of the heart. Relief is 
most easily and efficiently obtained by resecting the bony and cartilag- 
inous structures of the thoracic wall in the area overlying the heart, a 


procedure described by Brauer. In concretio cordis, the thickened peri- 


cardium contracts about the heart and prevents adequate filling of the 
cardiac chambers during diastole. In some cases there are adhesions 
between the thickened pericardium and the surrounding structures, while 
in others the pericardial walls are calcified or are so greatly thickened 
that the systolic contractions of the heart are seriously interfered with. 
In any case, the primary difficulty is with diastole, and relief can be 
expected only from a release of the heart by removal of the constricting 
membrane. Excision of this constricting membrane, or decortication of 
the heart, was first advocated by Delorme * in 1898, but was not carried 
out until 1913 when Sauerbruch * successfully performed the operation. 
Since that time, Rehn,* Schmieden,* Churchill ° and others have reported 
cases of concretio cordis in which this method of treatment was used. 

Before entering into a more detailed discussion of the surgical treat- 
ment of this condition, two instances will be described in which removal 
of the thickened pericardium was attempted. These two cases have 
been presented in more detail in paper I °*" on this subject. 


REPORT OF CASES 


Case 1—The patient in this case was operated on on Feb. 15, 1930, after local 
injection of procaine hydrochloride and administration of nitrous oxide anesthesia. 


* Submitted for publication, May 28, 1931. 

* From the Department of Surgery, Vanderbilt University School of Medicine 

1. Delorme, Edmond: Sur un traitement chirurgical de la symphyse cardo- 
péricardique, Gaz. d. hop. 71:1150, 1898. 

2. Sauerbruch, F.: Die Chirurgie der Brustorgane, Berlin, Julius Springer, 
1925. 
3. Rehn, L.: Pericardial Adhesions in Children, Arch. f. Kinderh. 68:179, 
1920. 

4. Schmieden, V.: The Technique of Cardiolysis, Surg., Gynec. & Obst. 43:89, 
1926. 
5. Churchill, E. D.: Decortication of the Heart (Delorme) for Adhesiv 
Pericarditis, Arch. Surg. 19:1457 (Dec.) 1929. 

Sa. Burwell, C. S., and Strayhorn, W. D.: Concretio Cordis: I. A Clinical 
Study, With Observations on the Venous Pressure and Cardiac Output, Arc! 
Surg. 24:106 (Jan.) 1932. 
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rved incision was made from the lower border of the second costal cartilage 
the left of the sternum, carried down along the left border of the sternum 
, the sixth costal cartilage, and then curved outward along the lower border of 
the sixth cartilage to approximately the left nipple line. The muscles were 
livided down to the ribs, and the skin muscle flap retracted laterally. The third, 
fourth, fifth and sixth cartilages, perichondrium and intercostal structures were 
removed. In removing the fifth cartilage, a small opening was made in the left 
pleura but this was closed by a plug of fat and did not cause any respiratory 
upset. The internal mammary artery was doubly ligated and divided. The left 
half of the sternum between the third and sixth cartilages was removed. The 
left pleura was dissected from the pericardium to the midportion of the left 
border of the heart. The pericardium was then incised in line with the 
left border of the sternum and separated for a distance of 4 cm. toward the left. 
The dissection was easily done with the finger. In separating the pericardium 
over the upper portion of the right ventricle, the line of cleavage led between 
the somewhat transverse muscle fibers because the fibrous bundles dipped in 
between them. Dissection at this point was being done blindly, so the separation 
of the muscle fibers was not noticed until the chamber of the right ventricle was 
entered. Little pressure was used during this dissection, and it was obvious that 
the wall of the ventricle was greatly thinned out at this point. When the ventricle 
was entered, there was a serious hemorrhage which was controlled with difficulty. 
The muscle fibers were so friable that it was decided that it would not be wise 
to attempt to close the opening by suturing the muscle. As only a small amount 
of pericardium had been dissected up, the hemorrhage was controlled by closing 
the opening in the pericardium. This apparently completely controlled the hem- 
orrhage, but the patient had lost a large quantity of blood during the closure, and 
signs of severe shock developed. He was given 500 cc. of physiologic solution 
§ sodium chloride intravenously, with distinct benefit. The wound was closed 
without drainage. 


Three hours later, the condition of the patient again became alarming. A 


a 
f 


transfusion of 500 cc. of whole blood was given, following which there was 
improvement for several hours, but the blood pressure rose to only 75 systolic and 
55 diastolic. Another transfusion was considered, but as it was feared that too 
great strain would be added to the already weakened heart, it was not done. 
\bout twelve hours after operation the patient’s condition rapidly changed for the 
worse, and he died within a short time. The cause of death was not clear, but 
it was apparently due to shock and hemorrhage in a person with extremely low 
> reserve. 
A young colored man was operated on on June 11, 1929. The opera- 
n was carried out under local injection of procaine hydrochloride and light 
rous oxide anesthesia. The incision was begun just below the inner end of 
second costal cartilage and carried down to the sixth costal cartilage and 
out to approximately the left nipple line. The skin muscle flap was dis- 
ted up and retracted laterally. The third, fourth and fifth cartilages and ends 
e ribs as well as the anterior portion of the periosteum and perichondrium 
resected. The left half of the sternum was removed by rongeur between 
second and sixth cartilages. The left pleura was exposed and dissected later- 
as far as the midportion of the left border of the heart. The right pleura 
separated from the pericardium to the right border of the heart. It was 
sely adherent, and while it was being freed a small opening was obtained in 
pleura, which was promptly closed with a catgut suture without any appreci- 
illapse of the right lung. The pericardium was then incised in a longitudinal 
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direction, but no pericardial cavity was found. The epicardium was incised, and 


a line of cleavage discovered. The thickened pericardium and well organized 


exudate over the epicardium were then removed from the anterior surface of the 


right side of the heart. The dissection was carried to the left slightly beyond 
the junction of the right and left ventricles. The line of cleavage was imperfect. 
making it necessary to do the major portion of the operation by sharp dissection, 
When an attempt was made to liberate the left ventricle, it was discovered to 
be so densely adherent and there were so many fibrous trabeculae extending down 
into the heart muscle that it was decided that further separation would be 














The left pleura was stripped back and the pericardium exposed. It was 
4.5 mm. thick and adherent throughout. When incised the heart promptly 
bulged through. The parietal pericardium over the anterior surface and right 
side of the heart was excised. The anterior (short arrow) and posterior layers 
of periosteum (long arrow) of the sternum were sutured together to prevent 
regeneration of the resected portion. 


unwise, as it was feared that the wall of the heart would be injured. When the 
pericardium was first incised and separation started, there was a distinct bulging 
of the wall of the right ventricle through the opening (see illustration). 

The anterior and posterior layers of periosteum of the sternum were sutured 
together to give a smooth surface and to prevent regeneration of the excised bone. 
The muscles, fascia and skin were closed without drainage. 
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[he pericardium was composed of dense fibrous tissue 4.5 mm, thick. Micro- 
scopic examination revealed no evidence of active tuberculosis. 

The patient’s condition remained satisfactory throughout the operation, and 

the blood pressure was maintained at approximately 110 systolic and 80 diastolic 
for the next six days. A rather persistent hiccup developed which was relieved 
by the inhalation of carbon dioxide and oxygen. 
On June 17, six days after operation, the patient complained of severe pain 
in the region of the heart, and the blood pressure fell. The heart sounds became 
muffled, and there was fulness in the precordial area, indicating a collection of 
fluid between the thoracic wall and the heart. One hundred and twenty cubic 
centimeters of bloody fluid was aspirated from beneath the skin-muscle flap; the 
fluid was negative on culture and on inoculation into guinea-pigs. Following the 
aspiration of this fluid, the blood pressure rose to 110 systolic and 80 diastolic, 
and the patient’s general condition showed improvement. The precordial space 
was again aspirated on June 20, and 20 cc. of fluid was removed. On June 25, 
the left pleural cavity was aspirated, and 1,000 cc. of serosanguineous fluid was 
removed; 50 cc. of blood-tinged fluid was also aspirated from the precordial space. 
On June 26, 800 cc. of clear straw-colored fluid was removed from the right 
pleural cavity, and on June 29, 800 cc. of blood-tinged fluid was removed from the 
left pleural cavity. 

The patient’s condition steadily improved until the time of his discharge from 
the hospital on July 25, 1929. When he was seen on August 16, there was no 
fluid in the right pleural cavity and only a small amount in the left. The heart 
sounds were strong and clear. There was a small amount of fluid in the peri- 
toneal cavity, and the liver was enlarged. On August 28, the fluid in the perito- 
neal cavity had almost disappeared, but the liver remained approximately the 
same size. 

On September 26, the patient returned complaining of pain in the left side of 
the chest. There were again signs of a large collection of fluid in the left pleural 
cavity. There was no demonstrable fluid in the peritoneal cavity, and the liver 
had apparently decreased to almost normal size. Fifteen hundred cubic centi- 
meters of straw-colored fluid was aspirated from the left pleural cavity on 
September 30, and 1,700 cc. on October 4. Cultures of the fluid and inoculations 
into guinea-pigs were negative. On October 29, there was only a small amount 
of fluid in the left pleural cavity, and none in the right. On November 27, there 
was no fluid in either pleural cavity. The liver was only slightly enlarged, but 
a moderate amount of fluid was present in the peritoneal cavity. There was no 
edema of the extremities, no shortness of breath and no pain in the chest. 

The patient entered the hospital on Dec. 1, 1929, complaining of pain in a 
leit inguinal hernia. He was operated on on December 4, and the peritoneum 
found to be studded with tubercles, but the wound healed well and the patient 
was discharged on Jan. 4, 1930. 

He reentered the hospital on May 11, 1930, complaining of marked distention 

the abdomen. A small incision was made just to the right of the midline, 

(way between the umbilicus and pubis, and about 6 liters of straw-colored fluid 

removed; it rapidly reaccumulated, and 4 liters of fluid was removed by 


entesis on May 30. The patient was discharged on June 9, distinctly 
oved., 


Vhen last seen on July 2, 1930, there were no edema, no fluid in the pleural 
es, no shortness of breath, no enlargement of the liver and no symptoms 
ble to the circulatory system. There was much less fluid in the peritoneal 

and this was partially encysted on the left side. 
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COMMENT 

Type of Incision Excision of the thickened pericardium can }y 
carried out through a number of incisions. First, a long midsterna| 
incision ® can be made which gives an excellent exposure to the right 
side of the heart but a less adequate exposure to the left side, and which 
has the obvious disadvantage that the rigid thoracic wall will be intact 
when the wound has healed. Schmieden advocated a transpleural 
approach to the left side of the heart by a long intercostal incision. This 
type of incision has two disadvantages: First, the open pneumothorax 
adds a considerable burden to the heart even though the operation is 
carried out under positive pressure anesthesia; second, when the wound 
heals there is no relaxation of the anterior thoracic wall over the peri- 
cardium. It has the advantage, however, of giving a much more direct 
exposure of the left ventricle, which Schmieden thinks is of great impor- 
tance. The third type of incision is that used in the Brauer pericardio- 
lysis. A curved incision is started at approximately the level of the 
lower border of the second costal cartilage and carried downward and 
then outward along the sixth or seventh costal cartilage. The incision 
is carried down to the ribs, and the skin muscle flap retracted laterally. 
The ribs, cartilages, periosteum and intercostal structures are excised 





A portion of the left side of the sternum may be excised so as to give 
a more adequate approach to the right side of the heart. This incisiot 
gives an excellent exposure of the right side of the heart and a relatively 
satisfactory exposure of the left side. It has two advantages: First, it 
is not necessary to have an open pneumothorax during the operation: 
and second, the thoracic wall over the pericardium is permanently 
relaxed. This would seem to be of importance, because it is almost 
certain that extensive adhesions form between the structures of the 
thoracic wall and the anterior surface of the heart. If the wall of the 
chest remains rigid, the clinical picture may be converted into one simu- 
lating mediastinopericarditis. In other words, the diastolic difficult) 
may be largely relieved only to be replaced by an interference with 
S} stole. 

Number of Stages—Cutler * advocated that the operation be divided 
into at least two or possibly three stages. He has suggested that the 
first stage consist of a Brauer pericardiolysis, and that at the second 
stage the thickened pericardium be removed from the surface of the left 
ventricle and also from the surface of the right ventricle if it is felt 
that the patient’s condition will stand such an extensive procedure. It 
would seem advisable to divide the operation into two stages, especial) 

6. Lilienthal, Howard: Thoracic Surgery, Philadelphia, W. B. Saunders 
Company, 1925, vol. 1, p. 422. 

7. Cutler, E. C.: Surgery of the Heart and Pericardium, in Nelson’s Loos 
Leaf Surgery, New York, T. Nelson & Son, 1927, vol. 4, p. 372. 
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more advanced cases where one would expect to find a marked 

of the cardiac muscle. However, it would be much more logical 

rry the first stage a step further than that suggested by Cutler and 

xcise at least a portion of the pericardium, preferably over the junction 

‘the right and left ventricles, thus giving systolic relaxation and also 

. certain amount of diastolic relief without actually removing enough 

- supporting wall to allow acute dilatation of the right side of the 

This should improve the circulation and permit the weakened 

heart muscle to regain its tone before the more extensive decortication 
is attempted. 

Technic of Excision of the Pericardium.—tThe actual removal of the 
thickened pericardium may be extremely difficult and occasionally impos- 
sible. The removal of the pericardium without removing the thickened 
epicardium would be much less difficult and as a rule less dangerous, but 
the epicardium is usually so greatly thickened that little benefit could be 

xpected if this were left intact. It is therefore necessary to remove 
both the thickened pericardium and epicardium to permit a satisfactory 
liastole. In the long-standing cases the fibrous strands are apt to dip 
in between the cardiac muscle fibers and make the dissection difficult. 
Most authorities advise combined sharp and bluut dissection with 
removal of small fragments of pericardium as they are freed. It would 
seem less dangerous to use sharp dissection almost entirely, and it is 
especially important to keep the operative field under direct vision 
throughout the dissection. In one of the cases here reported this was 
not done, and there was a rupture of the wall of the right ventricle. In 
all probability this would not have occurred if the operative field had 
heen fully visible at the time, as the separation of the muscle fibers 
would have been noticed. 

It would seem advisable to leave the pericardium in place during the 
early portion of the dissection, so that if the chamber of the heart were 
entered the pericardium could be used to help close the opening and 
control the hemorrhage. This is important when the cardiac muscle is 
itrophic and friable, as sutures would almost certainly cut through. 

Schmieden, Cutler and others feel that it is important to remove the 


pericardium over the left ventricle first since they fear a dilatation of 


he weakened right ventricle if the support is removed from the anterior 


ace of the heart before the left ventricle is released. This seems a 

assumption, and yet in Churchill’s case and in case 2 reported 

the greater portion of the dissection was carried out over the right 

ricle, and in neither case was there serious difficulty as a result of 
RESULTS , 

hurchill tabulated the results in thirty-seven cases that he was able 

ct from the literature. Five cases were interrffpted. Of those 








580 ARCHIVES OF SURGERY 


completed, there was an operative mortality in seven cases, or 21.8 per 
cent, no improvement in two cases, or 6.2 per cent, transient improve- 
ment in four cases, or 12 per cent, and almost complete relief from 
symptoms in nineteen cases, or 59 per cent. 

In case 1 the operation was interrupted because the chamber of the 
right ventricle was accidentally entered. The patient died twelve hours 
later from shock and hemorrhage. The patient in case 2 withstood the 
operation well, and at the time this article was written, fourteen months 
later, had no symptoms referable to the heart. He has a tuberculous 
peritonitis, especially dangerous in the colored race, from which he seems 
to be recovering. 

CONCLUSION 

Decortication of the heart is a formidable operation, but one whicl 
is distinctly indicated for the relief of concretio cordis, a disease whic! 
without surgical intervention is hopeless. The mortality rate is hig] 
and will of necessity continue to be so, but with improved operativ 
technic one of the chief dangers, rupture of the heart, should be great 
diminished. If a satisfactory two-stage operation can be developed, the 
incidence of postoperative dilatation of the heart should be decreased 











SOUAMOUS CELL CARCINOMA OF THE KIDNEY 
WITH COMPLETE INFARCTION OF THE KIDNEY AS A SEQUEL TO 
CANCEROUS THROMBOSIS OF THE RENAL ARTERY * 


JACOB RABINOVITCH, M.D. 


ST. LOUIS 


The case reported in this paper seems worthy of being placed on 
record for two reasons: first, because a fairly thorough review of the 
literature has failed to reveal a similar case of a malignant condition 
in which the renal artery was completely occluded by a cancerous 
thrombus, and, second, because total infarction of the kidney is a rarity. 


REPORT OF A CASE 


History —A white woman, aged 64, a housewife, entered the Missouri Baptist 
Hospital, on Feb. 7, 1931, complaining of abdominal pains of five months’ duration. 
At the onset of her present illness the pain was dull and achy, but during the last 
three weeks it had gradually become more intense and continuous, changing to a 
stabbing nature. It was not associated with any urinary disturbances, such as 
dysuria, polyuria or hematuria. Beyond pain, there was no other physical dis- 
turbance. 

Examination—Physical examination revealed the following positive findings: 
On the left side of the abdomen there was a localized area of tenderness, which 
was confined to the region of the left kidney. The left kidney could not be pal- 
pated, however. The cystoscope showed the vesical mucosa moderately congested 
but otherwise normal. Ureteral catheterization showed that the left kidney did not 
function. When 1 cc. of phenolsulphonphthalein was injected intravenously, no dye 
appeared from the left kidney in thirty minutes; the right kidney functioned nor- 
mally. Cultures made of the catheterized urine obtained from the bladder and 
kidneys revealed no bacterial growth. Roentgenograms taken after the injection 
of sodium iodide by the ureteral catheters disclosed a block above the left catheter. 
No pelvic shadow was obtained on the left side, while the right kidney appeared 
normal. 

Urinalysis was essentially negative. Analysis of the blood showed: total non- 
protein nitrogen, 39.4 mg. per hundred cubic centimeters; erythrocytes, 4,870,000 ; 
leukocytes, 7,800, and hemoglobin, 83 per cent. The Wassermann reaction of the 
blood was negative. 

\ tentative clinical diagnosis of a possible congenital absence of the left kidney 
made. The possibility of tuberculosis and ureteral stricture was also con- 
lered, and exploration of the left kidney was deemed advisable. 

peration—On February 23, under general gas and ether anesthesia, the left 
region was explored through a curved lumbar extraperitoneal incision. The 
kidney was found to be a very small organ about the size of a lemon and 
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Submitted for publication, July 14, 1931. 


From the Department of Pathology of the Missouri Baptist Hospital and 
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slightly adherent to the surrounding fat. It was readily shelled out, causing yer 
little trauma to the adjoining soft tissues. The renal artery was found partially 
occluded near the hilus of the kidney, and very little blood could be felt pulsating 
through it. Following the division of the ureter and ligature of the pedicle, the 
kidney was removed without trouble. A rubber drainage tube was inserted in the 
wound and the latter closed in the usual manner. There followed an uneventfy! 
convalescence, and the patient left the hospital three weeks after operation. 


Pathologic Examination—Macroscopic Examination: The kidney was a very 


small organ measuring 6 by 3.5 by 2.5 cm. The capsule was considerably thickened 
and strongly adherent to the cortex, rendering decapsulation practically impossible. 
The external surface of the kidney was mostly uniform in outline; it showed a num- 
ber of punctate hemorrhages, most marked in the region of the lower pole. On hemi- 
section of the organ, the renal parenchyma was found to be practically obliterated 
The cut surface was of an opaque grayish-white luster, with a complete loss of all 
recognizable renal tissue. The normal configurations of the kidney could not be dis- 
tinguished, and it appeared as if the entire organ was the seat of an infarct. Scat- 
tered through the parenchyma there were found occasional isolated areas that 
grossly appeared like carcinomatous tissue, although it was not very certain that 
they consisted of this type of tissue. The pelvis was moderately thickened, but 
otherwise was smooth and not ulcerated. No evidence of calculi or gross infection 
was noted in the kidney specimen. 

Microscopic Examination: The greater portion of the renal parenchyma was 
necrotic, and no recognizable renal tissue could be made out. Amid these areas 
of necrosis there were found small hemorrhages which were most pronounced at 
the periphery immediately underneath the capsule. In other areas, there were still 
present occasional tubules and glomeruli of apparently normal histologic appear- 
ance, while in other portions of the kidney, there were small localized areas of 
cancerous growth. The latter consisted everywhere alike of typical squamous cell 
carcinoma, characterized by the formation of whorls of flat epithelium with pearl 
formation. In parts, the cancer cells were closely packed and tended to form little 
nests without any pearl formation. The greater part of the cancer-bearing portion 
of the kidney, however, was necrotic and infiltrated by a variable number of inflam- 
matory cells. The main branch of the renal artery was invaded by cancerous tissue, 
the latter penetrating the entire thickness of the wall and completely occluding its 
lumen. The smaller ramifications of this artery were also occluded by cancerous 
thrombi in a manner similar to that seen in the main renal artery. The extensive 
necrosis of the kidney was undoubtedly the result of the thrombotic occlusion of the 
renal artery and its branches by cancerous growths. The pathologic changes noted 
in the kidney were alike in both the parenchyma and the pelvis. It was impossible 
to tell, therefore, even from the microscopic examination of the specimen, the exact 
source of origin of the tumor growth. In all probability, however, the tumor arose 
in the epithelium of the pelvis which had undergone squamous metaplasia. The 
accompanying photomicrographs (figs. 1 to 4) illustrate the histology of the neo- 
plasm and of the diseased renal parenchyma. 

Comment.—The pathologic changes noted in this kidney are of great interest 
In the first place, the invasion of the renal artery by the tumor, which thus shut 
off the circulation to the organ, caused the destruction not only of the remaining 
healthy kidney tissue, but of the tumor growth itself. This resulted in a complete 
arrest and further spread of the tumor to local and distant organs. Clinically, there 
was no evidence of any metastatic growth in other organs, although metastasis might 
nevertheless be present in such a minute and obscure form as to escape all clinical 
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n. To the date of writing this paper, however, the patient is free from any 
cymptoms, and does not show any clinical evidence of tumor metastasis. In the 
se place, the absence of stones and evidence of chronic inflammation in the 

is also worth mentioning because of their very frequent participation in 


development of metaplasia and carcinoma of the kidney. 


COMMENT 


Squamous cell carcinoma of the urinary tract is not infrequent. 


This is evidenced by the evergrowing series of cases reported in the 
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Fig. 1—Renal tumor showing a small patch of squamous cell carcinoma. The 
greater portion of the renal parenchyma was necrotic and almost beyond anatomic 


recognition. On close examination, some of the glomerular shadows can be made 


st 


as very faint outlines 


literature. Its chief interest, however, lies not in its relative infre- 
quency but rather in the mechanism of its formation. It has therefore 
ulated considerable interest and has been the subject of a great 
t literature. \lthough there still exists a great deal of contusion 
controversy as to the exact mechanism concerned in the develop- 
of metaplastic changes in the urinary tract, certain facts have 
established that serve in many instances to explain this process. 
w of all the data now available on the subject, it seems reason- 
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able to assume that some form of irritation, resulting from either long 


continued chronic inflammation or stone formation, is responsible for 
the metaplastic changes and the tumor growth. 

Just as in cancer of the skin and certain mucous surfaces, leuko- 
plakia is recognized as being definitely precancerous, so too in the 
kidney, leukoplakia, and perhaps also papilloma, constitute important 
predisposing factors in the development of squamous cell carcinoma. 


Fig. 2—Photomicrograph of the renal artery showing its lumen completely 


occluded by a cancerous thrombus. The carcinomatous tissue could be seen also 
infiltrating the wall of the artery. The renal parenchyma surrounding the occluded 
artery was the seat of an extensive infarct. 


Orth,’ Beselin,? Hallé * and Kretschmer * have written convincingly on 
this point. These authors have found evidence of leukoplakia in kid- 
neys that were associated with squamous cell carcinoma. Kretschmer 
expressed the belief that the presence of stratified squamous cell car- 
; Pathologische anatomische Diagnostik, ed. 8, Berlin, A. Hirsch- 

wald, 1917, p. 841. 

2. Beselin, O.: Virchows Arch. f. path. Anat. 99:289, 1885. 

3. Hallé, N.: Ann. d. mal. d. org. génito-urin. 14:577, 1896. 

4. Kretschmer, H. L.: Leukoplakia of Kidney Pelvis, Arch. Surg. 5:34 
(Sept.) 1922. 
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in the kidney and bladder can be explained on the basis of 

Jasia with leukoplakia formation, and he cited two such cases 
ustrate his contention. Battle,® on the other hand, described epi- 
ermoid changes in small villous growths of the kidney, while Rhode,‘ 


Scheel? and Menetrier and Martinez * described combinations of papil- 


and squamous cell carcinoma. It must be remembered, however, 


t not all cases of squamous cell carcinoma in the urinary tract are 


. Vises 


3.—High power photomicrograph of the same artery as that in figure 2 


ing the carcinomatous tissue within the wall and lumen of the artery. 


preceded or accompanied by leukoplakia and papillomatous changes. 
In many instances such processes are entirely lacking. 

Of greater interest and importance in the discussion of metaplasia 

he consideration of the various etiologic factors that are believed to 

esponsible for the heteroplastic epithelial changes. It is almost 

rsally acknowledged that irritation resulting from either calculi 


Battle, W. H.: Brit. M. J. 1:1206, 1895. 
Rhode, C.: Beitr. z. path. Anat. u. z. allg. Path. 65:573, 1919. 
Scheel, P. F.: Virchows Arch. f. path. Anat. 201:311, 1910. 


\enetrier, M., and Martinez, M.: Bull. Acad. de méd., Paris 79:65, 1918. 
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or long continued chronic inflammation may in the course of time 

stimulate such changes in the urinary tract. These theories are largely 

based on the fact that metaplastic changes and malignant transform: tion 

of the tissues are frequently associated with calculi and inflammatory 

lesions. This same association of metaplastic squamous cell tumors with 

calculi and chronic infections holds true in other organs, such as the 
) 


gallbladder. Richey ° found that repeated trauma when continued over 


a long period will produce malignant alterations in the tissues involved. 


Fig. 4—Section stained with Mallory’s elastic tissue stain. It shows the tor- 


tuous elastic layer of the renal artery completely encircling the vessel and_ the 
cancerous growth within its lumen. 


Scholl '® reported five cases of squamous cell carcinoma of the renal 
pelvis, four of which were associated with stones. The calculi in three 
of the kidneys were very large. Wells‘! reported a case of squamous 
cell carcinoma of the kidney that was accompanied by very large 
branching stones. He considered the latter as being responsible for th 


9. Richey, G.: J. Lab. & Clin. Med. 5:635, 1920. 

10. Scholl, A. J.: Ann. Surg. 80:594, 1924. 

11. Wells, H. G.: Carcinoma of Kidney as Sequel of Calculi, Arch. Surg 
5:356 (Sept.) 1922. 
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logic process in the kidney. I?* have found a similar instance 
vallbladder, namely, the presence of a squamous cell cancer in 


il 


ation with numerous stones. 


While calculi and chronic infection are often found with neoplastic 
changes, there still remains the possibility that the latter are only sec- 
ndarily superimposed on the primary malignant process. However, 
the long duration of symptoms of calculi and infections, which in most 
‘ases antedate those of the malignant condition, indicates that the pres- 
ence of stones and inflammatory lesions precede the development of 
carcinoma by many years. Thus, in 108 cases of associated renal calculi 
ind malignant conditions collected by Martin and Mertz, the symptoms 
of stones averaged nineteen years in duration; the symptoms sugges- 
tive of the malignant conditions averaged only five months. On the other 
hand, there are instances reported in the literature in which no evidence 
of calculi or inflammation was found in association with the neoplasm. 
Such are the case reported by Wendel and the one reported in this 
paper. There are still other investigators who believe that metaplastic 
changes are due to congenital anomalies caused by a disturbance in the 
development of the urinary tract. Lecene ** stated that embryologically 
it is an easy matter to explain heterotopia of the ectodermic cells in the 
vicinity of the mucosa of the upper urinary apparatus, and the fact that 
this may occur is sufficient to account for the lesions of leukoplakia. 
Leber ** reported a case of leukoplakia in the kidney of an infant 4 
months old; evidence of leukoplakia was also noted in the eye of this 
child. The author considered this change to be a result of some con- 
genital maldevelopment. 

[t is evident from the foregoing review of the literature that of the 
various theories that have been advanced to explain cell metaplasia and 
new growth, greatest emphasis has been placed on irritation resulting 
from either chronic inflammation or calculi as the important etiologic 
factor. There still remains, however, a group of cases in which no 
demonstrable evidence of irritation of any sort is found to account for 
these changes, and hence another etiologic factor must be sought to 
explain the pathologic process in these cases. It is quite possible that 
other agents besides irritants are capable of producing similar changes, 
although the exact nature of these is still obscure and unknown to us. 
It seems to me, however, that a more logical explanation for the causa- 
n of cell metaplasia and the associated new growths can be derived 


+ se 
0”) 


| the following consideration of facts. 
‘\rompecher,'® in his extensive studies on cell metaplasia, came to 
mclusion that the basal layer of cells that form the lining of certain 


. Rabinovitch, J., and Kieffer, R. S.: Surg., Gynec. & Obst. 52:831, 1931. 
ecéne, P.: J. d’urol. 2:129, 1913. 
eber, T.: Deutsche med. Wehnschr. 18:206, 1884. 
Krompecher, E.: Beitr. z. path. Anat. u. z. allg. Path. 72:163, 1924. 
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organs is multipotent, and, as such, is capable of developing into cither 


cylindric or squamous epithelium. According to his view, then, the full 


developed epithelial cells that line the mucosa of such organs as the 
uterus, stomach, intestine, etc., have their origin in a more primitive 
and embryonic cell layer situated deeper in the mucosa. He termed 
this the basal layer of cells. I feel that the term basal is a misnomer, 
because it carries an erroneous interpretation of the facts to many 
readers, although I quite agree with Krompecher that the alread) 
developed and mature epithelial cells have had their origin in a prece- 
dent embryonic type of epithelium. I also believe that this so-called 
primitive embryonic cell is multipotent and capable of developing into 
either cylindric or squamous epithelium as the case may be. Ii this 
assumption is correct, it would not be surprising to find squamous epi- 
thelium in places where cylindric epithelium is normally wont to occur. 
It is of particular interest to note in this connection some of the obser- 
vations recorded by Wells,’ which may be quoted as follows: 

The formation of metaplastic squamous cell epithelium brings forward tw 
puzzling topics, one chemical, the other embryologic. The chemical peculiarity is 
that squamous epithelium is characterized by the formation of keratin, which is a 
definite chemical compound, formed normally, as far as is known, only by the cells 
of ectodermal origin, including the neurokeratin of the central nervous system 
When cells of endodermal origin, such as those lining the gallbladder, or those of 
mesenchymal origin, such as those lining the renal pelvis or the uterus, take on 
the function of forming this peculiar, insoluble, sulphur-rich, indigestible, protective 
chemical keratin, they have assumed a chemical function which seems to be far 
removed from their normal capacity. Hence we must conclude that metaplasia 
involves not only a morphologic, but a chemical transformation in the cells. 


In the light of such observations, it seems that a more rational 
explanation for the morphologic and chemical properties of metaplastic 
cells can be gained, if one considers the fact that a common type of cell 
gives rise to both the normal and the heterologous epithelium. In other 
words, I believe that Krompecher’s theory of cell metaplasia can also 
be applied in the case of the urinary tract. Just as in the case of the 
uterus, stomach, intestine, etc., so too in the case of the urinary 
apparatus there exists a primitive type of cell that is multipotent and 
capable of developing into either transitional or heterologous squamous 
epithelium. Under normal physiologic conditions only transitional epi- 
thelium is formed, but under abnormal pathologic conditions, such as 
may occur in the presence of inflammation and stone formation, the flat 
squamous epithelium may be stimulated to grow. Depending on the 
tempo of growth of the latter type of epithelium, there may form either 
a benign leukoplakia or a more malignant squamous cell carcinoma. 
If the primitive embryonic cells, therefore, possess the potentialities 
for the production of squamous epithelium as well as other varieties of 
epithelium, it is unnecessary to postulate cell rests of primitive tissue 
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. site of the growth in order to explain these aberrant cells. The 
irrence of keratin in the heterologous growth is merely the expres- 


of the capabilities of the cells toward the formation of peculiar 
-hemical compounds and heterologous types of epithelium when exposed 


to an adequate stimulus. 
I Te e - : “bh; —_ h: =e red i he kid ane _— : 
Phe circulatory disturbances that occurred in the ki ney in the case 
ported in this paper are of particular interest and of great pathologic 


re] 
significance. A careful review of the literature has failed to reveal a 
similar instance. Taddei‘® reported a case in which the vena cava was 


occluded by a cancerous thrombus, the tumor reaching the vena cava 
through the renal vein. No instances have been reported in which the 
nutrient vessel to the kidney has been obstructed by a malignant growth 
such as occurred in this case. The cancerous extension of the tumor 
into the artery is well illustrated in the accompanying figures (figs. 2 
and +). One can see here the tumor growth surrounding the artery and 
also its presence within the wall and lumen of the vessel, which latter 
it completely occludes. The extensive necrosis of the kidney is undoubt 
edly the result of the interference with the circulation to the organ 
produced by the cancerous thrombosis of the main arterial supply and 
its smaller ramifications. It is of interest to note in this connection that 
complete obstruction of the renal artery due to any cause is a rare con- 
dition; consequently, also complete infarction of the kidney is a rarity. 
There are still a number of pathologists who maintain that total infare- 
tion of the kidney hardly ever occurs. This case is therefore of unusual 
interest and illustrates that such a possibility may sometimes exist. 
\nother interesting feature of this case is the fact that the impedi- 
ment to the flow of blood to the diseased kidney caused the destruction 
not only of the remaining healthy renal tissue, but of the tumor growth 
itself. The beneficial effects to the organism resulting from such tumor 
necrosis are quite obvious. The very extensive infarction of the kidney 
caused by the lack of nutrition was probably also the cause of pre- 
venting the spread of the tumor to other organs. The tumor, therefore, 
ile infiltrating the renal artery and producing a complete infarction 
the kidney, also caused its own destruction and thus saved the 
rganism from the ravages that the malignant growth would otherwise 
have produced. One might say, then, that the invasion of the artery 


by the tumor effected a relative cure of the patient in that further 


S1 a 


and growth of the tumor were inhibited. 


SUMMARY 
case of squamous cell carcinoma of the kidney is reported. The 


interesting features of the case are the invasion of the renal 


Taddei, D.: Folia urolog 2:303, 482 and 638, 1908 
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artery by the tumor and the occlusion of its lumen. This resulted jn 


complete infarction of the kidney. Similar instances of total occlusion 
of the renal artery by a cancerous thrombus have not heretofore been 
reported in the literature. This finding renders this case, therefore. 
unique and of sufficient interest to make it worth reporting. The various 
phases of cell metaplasia are also discussed. 


Notre.—Dr. W. M. Winn gave permission for the publication of this case 














THE EFFECT OF HYPERTONIC SOLUTIONS ON CERE- 
BROSPINAL FLUID PRESSURE 


WITH SPECIAL REFERENCE TO SECONDARY RISE AND TOXICITY * 


GEORGE MILLES, M.D. 
AND 
PAUL HURWITZ, BS. 


CHICAGO 


[his investigation has been undertaken in an endeavor to study the 
course of the spinal fluid pressure following the intravenous injection 
of hypertonic solutions. 

Of special interest was the recurrence of pressure symptoms and 
occasional death after apparent clinical improvement in cases of increased 
intracranial pressure in which treatment with intravenous hypertonic 
solutions was used, as pointed out by Browder? and Foley.’ 

One man and a series of dogs were studied with regard to the effect 
of hypertonic solutions on the spinal fluid pressure. 

In 1901, Cannon * formulated the theory of the mechanism of cere- 
bral edema, essentially as follows: 


1. Edema causes pressure on the vessels, which is transmitted to the 
arteries and veins, causing an increased blood pressure, with increased 
transudation and further increase in blood pressure, resulting in a vicious 
circle leading ultimately to anemia of the brain from vascular com- 
pression. 

2. At the moment of injury intracranial pressure rises to a height 
sufficient to check blood flow to the brain. 

This is substantiated by recent investigations demonstrating that 
fluid exuded from injured cerebral tissue has an increased osmotic 
pressure. 

Cannon concluded that secondary increase of spinal pressure is due 
to three factors: (1) deprivation of normal nutrition to the injured 
parts; (2) passage of fluid with the subsequent swelling of these parts, 


antl 2 aoe e ° ° . e 
and (3) rigid enclosure of the brain, which causes the swelling of one 


region to affect markedly the rest of the brain. 
* Submitted for publication, June 5, 1931. 
From the Department of Pathology, University of Illinois. 
Browder, Jefferson: Dangers in the Use of Hypertonic Salt Solutions in 
'reatment of Brain Injuries, Am. J. Surg. 8:1213, 1930. 


Foley, F. E. B. Clinical Uses of Salt Solutions in Conditions with 
sed Intracranial Tension, Surg., Gynec. & Obst. 33:126, 1921. 
Cannon, W. B.: Cerebral Pressure Following Trauma, Am. J. Physiol. 
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Early investigators felt that the brain was incompressible, and whey 
later Weed and McKibben * found that brain fluid volume and cerehro- 
spinal fluid volume around the brain could be reduced by the intravenous 
injection of hypertonic solutions of sodium chloride, Ringer’s solution. 
sodium bicarbonate, sodium sulphate and dextrose, it was thought that a 
great advance was made in the alleviation of pressure symptoms. 

Following this, Cushing and Foley ° and Foley and Putman ® demon- 
strated the effective reduction in spinal fluid pressure by oral ingestion 
and rectal and intra-intestinal administrations of hypertonic sodium 
chloride and dextrose. 

Relief from pressure symptoms was obtained clinically in some 
instances by Foley, and Sachs and Malone.’ 

Falkenheim and Naunyn * stated that spinal fluid pressure varies with 
arterial pressure; Becht * showed that it varies with venous pressure; 
Foley and Putman * demonstrated a rise in blood pressure with a fall in 
spinal pressure, and efforts were made to reduce spinal fluid pressure 
by varying these influencing factors. 

However, results obtained experimentally were not substantiated 
clinically, and Fay '° investigated the relative value of repeated doses of 
magnesium sulphate, which, however, has the disadvantage of its purging 
effect. 

Esbaugh and Stevenson '! demonstrated the transient effect of salt 
solution in decreasing spinal pressure. They also showed a secondary 
increase in spinal pressure, which is attributed to the diffusion of salt 
into the cerebral tissues. They further concluded that intravenous injec- 
tions of dextrose are more effective, because of the longer diffusion time 
4. Weed, L. H., and McKibben, P. S.: Pressure Changes in Cerebrospinal 
Fluid Pressure After Intravenous Injections of Solutions of Various Concentra- 
tions, Am. J. Physiol. 48:512, 1919; Experimental Changes in Brain Bulk, ibid 
48 :531, 1919. 

5. Cushing, H., and Foley, F. E. B.: Alterations of Intracranial Tension by 
Salt Solutions in the Alimentary Canal, Proc. Soc. Exper. Biol. & Med. 17:21/, 
1920. 

6. Foley, F. E. B., and Putman, T. J.: The Effect of Salt Ingestion on 
Cerebrospinal Fluid Pressure and Brain Volume, Am. J. Physiol. 53:464, 1920. 

7. Sachs, E., and Malone, J. Y.: The Use of Hypertonic Salt in Experimental 
Increased Intracranial Pressure, Am. J. Physiol. 55:277, 1921. 

8. Falkenheim, H., and Naunyn, B.: Ueber Hirndruck, Arch. f. Path. u. 
Pharmakol. 22:261, 1887. 

9. Becht, F. C.: Studies on Cerebrospinal Fluid, Am. J. Physiol. 51:1, 1920 

10. Fay, T.: Comparative Values of Magnesium Sulphate and Sodium Chlo- 
ride, J. A. M. A. 82:766 (March 8) 1924 

11. Esbaugh, F. G., and Stevenson, G. S.: The Measurements of Intracranial 
Pressure Changes in an Epileptic and Its Experimental Variations, Bull. Johns 
Hopkins Hosp. 31:440, 1920. 











( 


rt 


t 


VILLES-HURWITZ—SPINAL FLUID PRESSURE 593 


an attempt to eliminate the factors of dialysis, Hughes and 


iace?? used a nondiffusible substance of high osmotic pressure 


ium arabinate) to some advantage. 


[he possible toxicity and even death due to the intravenous hyper- 
sodium chloride therapy have been pointed out by Browder.’ 
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rt 2—The effect of 100 cc. of 50 per cent dextrose on the spinal fluid 


tinally, cases of recurring stupor, coma and death in from three to 
hours following the intravenous therapy have repeatedly crept into 
literature, 


Hughes, J., and Laplace, L.: Effect of Hypertonic Solutions of Sodium 
nate on Cerebrospinal Fluid Pressure, J. Pharmacol. & Exper. Therap. 38: 
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Secause of this last fact, attention was directed to the course 0; 
spinal fluid pressure over periods of from five to eight hours continu- 
ously, in contrast to most of the investigators whose results were obtained 
from observations that extended from sixty to eighty minutes. 


APPARATUS 

The apparatus used is of special importance in that there was no loss of spinal 
fluid as had occurred with Weed and McKibben and others. 

A fine bore U tube graduated glass manometer was attached to a short length 
of rubber pressure tubing. The system was then filled with physiologic solution 
of sodium chloride. This was connected to a spinal puncture needle in the cisterna 
magna, without the loss of fluid. Spinal pressure readings were made directly 
from the graduated manometer and also recorded on the kymograph. 
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Chart 3.—The effect of 75 cc. of 50 per cent dextrose on the spinal fluid 
pressure. 


Variations in blood pressure were graphed in the usual manner, the femoral 
vessel being used. 

The anesthetic used, sodium ethyl barbiturate, allowed a uniform condition of 
anesthesia for long periods of time and thus had no influence on the spinal fluid 
pressure, as was demonstrated by repeated controls. 


EXPERIMENTAL RESULTS 

The following data and associated charts illustrate the typical reac- 
tion of the spinal fluid pressure to the various concentrations of salt and 
dextrose administered intravenously. 

Chart 1 indicates the normal spinal fluid pressure of a dog in a 
constant prone position for a period of three hours. The variation is 
comparatively slight, showing a change of 20 mm. Other observations 


over varying periods of time show even lesser variation in pressure, as 
is indicated in charts 2, 5 and 6. 
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Variations, however, may occur and are indirectly influenced by 
changes in position, respiration and arterial and venous pressures. 

‘he animals were watched for variable lengths of time until a con- 
stant level was established. Then the intravenous injections of hyper- 
tonic solutions were made by the gravity method. 

Chart 2 illustrates the effect of 100 cc. of 50 per cent dextrose. This 


caused a slight rise in pressure of 5 mm., which was immediately fol- 
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Chart 4.—The effect of 75 cc. of 30 per cent sodium chloride on the spinal fluid 


ire 


| by a slowly decreasing pressure of 35 mm. in fifty minutes. Then 
wed a secondary rise with a gradual return to the normal level in 
two hours, showing an effective change in the course of two hours and 
lity minutes—and effective therapy for almost three hours. However, 
pressure continued to rise to a point 30 mm. above the original level 
in one hour or slightly longer. 
hart 3 shows the reaction following the use of 75 cc. of 50 per 
dextrose. The reaction was similar to the preceding one, except 
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Chart 5.—The effect of 100 cc. of 15 per cent sodium chloride on the spit 


fluid pressure, 
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Chart 6.—The effect of 50 cc. of 10 per cent sodium chloride on the spinal fluid 
pressure. 
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Chart 7—The effect of an induced increase in spinal fluid pressure on a dog. 
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irt 8.—The effect of 200 cc. of 50 per cent dextrose on a man, aged 57 
vith a clinical diagnosis of tabes. 
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that the maintenance of a lowered pressure was sustained for a shorte; 
length of time. The drop in pressure was 37 mm., with the return ¢ 
normal consuming only forty-five minutes, after the pressure had 
reached its lowest point. The reaction phase showed a rise of 30 mm 
above normal in one hour. 


Chart 4+ shows the reaction following the use of 75 cc. of 30 per cent 
sodium chloride. There was a slight drop followed by a rise of 50 mm 


of water. This was followed by a rapid fall of 160 mm. in one hour 
The upward curve shows the tendency to return. At this point, how 
ever, the animal died. Although the marked toxicity of hypertonic 


saline solution has been demonstrated before, further emphasis of this 
toxicity is brought by this and subsequent experiments with the same 








Chart 9—Kymographic record showing the effect of an initial injection of 30 


per cent sodium chloride. Note the rise in spinal fluid pressure with the simultan 
ous drop in arterial pressure. 


concentration of salt solution which always resulted in the death of the 
animal. 

Chart 5 shows the reaction of spinal fluid pressure to 100 cc. of 15 
per cent sodium chloride. The immediate rise of 50 mm. was followed 
by a sudden drop of 80 mm. in one hour, after which the return to nor 
mal was concluded in two hours. In the following hour, the pressure 
rose 85 mm. above normal. 

The effective decrease in pressure here when contrasted to that of th 
preceding experiment is one-half for the same length of time. This 
demonstrates the effect of the molar concentration of the solution. 

Thus far, the results obtained present a rather striking uniformity 
the drop in pressure taking place in one hour, with the rise in pressure, 
or secondary return to normal, consuming two hours, and the whole 
period of effectiveness being almost three hours. F< lowing this is the 
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period in which the spinal fluid pressure rises much above normal, the 
sodium chloride showing a greater action in reduction of pressure and 
greater reaction in the associated secondary rise. 

The following experiments show the results obtained with solutions 
of lesser concentration. 

Chart 6 shows the reaction following the use of 50 cc. of 10 per cent 
sodium chloride. The rather sudden drop in pressure of 120 mm. in 
fifteen minutes, the secondary rise to normal in fifty minutes and the 
secondary reaction with the rise of 20 mm. above normal in eight minutes 
are shown. This illustrates an effective therapy of only sixty-five 
minutes. 

Concentrations of 25 per cent dextrose showed a similar effect but 
with a more shallow curve. 

Chart 7 shows the results obtained on a dog with an induced increase 
in spinal fluid pressure. The injection of 50 cc. of 10 per cent sodium 
chloride at the height of the curve shows the transient effect of the solu- 
tion. The return to the original height was accomplished in fifty-five 
minutes. Evidence of pressure symptoms becomes apparent, with a 
resultant relaxation of the sphincter ani. 

Small concentrations of dextrose show but negligible variations. 

Chart 8 represents the results of the observations in the case of a 
man 57 years of age with a clinical diagnosis of tabes. The decrease in 
pressure indicates the action of 200 cc. of 50 per cent dextrose. A drop 
of 3 mm. of mercury is seen, which was sustained for one hour. Follow- 
ing this was the typical secondary rise, which in one and a quarter hours 
was 6 mm. of mercury above the original level of 8 mm. of mercury. 

An incidental finding is the relation of the initial rise in spinal fluid 
pressure to the arterial pressure. With the increase in spinal pressure is 
seen a simultaneous drop in the arterial pressure, as is shown in the 
kymograph record (charts 9 and 10). 


COMMENT 

The occasional primary rise in spinal fluid pressure immediately after 
the injection of hypertonic salt solution is associated with a drop in blood 
pressure due to the toxic effect of high concentrations of saline. The 
subsequent fall is the result of the increased. osmotic pressure of the 
blood. Were we dealing with a closed septum, an equilibrium would be 
reached. However, the excess of injected salt or dextrose is lost from 
the blood by excretion through the kidneys and removal into the tissues 
as well as passage into the spinal fluid. This results in a reversal of the 
original situation, giving the spinal fluid a higher osmotic pressure than 
the blood and resulting in the secondary rise seen uniformly in our 
experiments. When used in the presence of an already raised intra- 
cranial pressure, this therapy carries an obvious danger. 
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SUMMARY 
|. The reduction of cerebrospinal fluid pressure with single doses of 
nertonic salt and dextrose is transient. 


) 


\ secondary rise occurs which reaches a point much higher than 
original level. 


High concentrations of sodium chloride are definitely toxic. 


In view of these facts, it is probable that recurrent pressure symp- 


oms and the occasional deaths reported are due to the secondary rise in 
spinal fluid pressure. 


2753 West North Avenue. 





OSTEOGENIC SARCOMA * 


CHARLES F. GESCHICKTER, M.D. 


BALTI MORE 


INTRODUCTION 
Emphasis is repeatedly placed on the lawlessness of cancer and its 
defiance of growth restraint. However, the diagnostic features of the 
disease, the establishment of well defined clinical entities under this 
category, as well as the uniform gravity of the prognosis, all point to the 


reverse of this statement, indicating that the biology of malignancy 


conforms to definite and rigorous laws. The repetition to a fair degree 
of the design and physiology of the parent tissue by the neoplastic 
growth suggests that the tumor in its development repeats the normal 
histogenesis of the part affected. An analysis of these normal histo- 
genetic processes, usually neglected in pathology, should therefore prove 
most significant in a study of the origin of various forms of tumors. 

In a study of osteogenic sarcoma, which is one of the more variable 
tumors in which chaotic distortion of normal development has been much 
stressed (Putti’), an analysis of the underlying tumor processes in 
relation to the embryology of bone reveals that the normal order of 
osteogenesis is essentially adhered to, and that the malignant change 1s 
more of degree than of kind. When the histogenetic processes exhibited 
by these tumors are focused on, instead of their mere histologic appear- 
ances, the problem of analysis is greatly simplified. On such a basis 
it is possible to divide the malignant bone-forming sarcomas into a 
cartilaginous and fibro-osseous series. These two major divisions of 
osteogenic sarcoma correspond in a general way to the two fundamental 
types of osteogenesis observed in the human embryo, the intra- 
cartilaginous and the membranous. 

In the present study, each of these two major groups of osteogenic 
lesions have been subdivided into early and late forms. The earlier 
form of cartilaginous tumor arises from precartilaginous connective 
tissue resembling in its behavior the blastema ? from which the cartilage 
of the future skeleton is derived in the human embryo. This tissue has 
the power of forming both cartilage and bone, and pathologically this 


* Submitted for publication, May 5, 1931. 

*From the Surgical Pathological Laboratory of the Johns Hopkins Hospital 
and University. 

1. Putti, Vittorio: Malignant Bone Tumors, Surg., Gynec. & Obst. 48:324, 
1929. 

2. The term blastema is used to refer to a condensation of primitive connective 
tissue at the site of the future skeleton immediately preceding cartilage formation 
in the embryo. (See fig. 6.) 
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se collection of embryonic fibroblasts passing from a syncytial state 


( 


‘0 cartilage has been referred to for many years under the misnomer 


bhondromyxosarcoma”™ (fig. 1). 














ig. 1 N. 43820).—Photomicrograph of a chondromyxosarcoma for which 
putation was performed eleven months after an initial trauma, in a white man, 
34. The section shows precartilaginous connective tissue giving rise to 


is stages of myxoma and cartilage. A slight amount of new bone is present. 
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The later form of chondral sarcoma arises from tissue that has 
already differentiated into cartilage and takes its source in the prolifer- 


ation of chondroblasts which at puberty occurs at an unossified epiphyseal 











N. 41819).—Photomicrograph of chondroblastic sarcoma. The 
section shows proliferating chondroblasts giving rise to areas of cartilage under- 
going calcification. The picture indicates the vascularity of this calcifying forn 


of chondrai sarcoma. 
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line. Histologically, the tissue transforms rapidly from a chondro- 
blastic stage into an end-product of calcified cartilage without achieving 
the state of even osteoid tissue (fig. 2). A perusal of the literature 
shows that this form of tumor has not been widely recognized as an 








e bal "6 . 














Fig. 3 (P. N. 41194).—Photomicrograph of the osteolytic type of osteogenic 
sarcoma (early fibro-osseous form). A mixture of malignant spindle cells and 
thortive osteoblasts are present in the section. There are many mitotic figures 
nd other signs of extreme anaplasia. The tumor occurred in the upper end of 
e tibia of a white boy, aged 13, who had suffered a trauma in the upper end of the 
ibia three weeks previously. 


ntity heretofore and is most often confused with other tumors such 
angiosarcoma and the so-called metastatic giant cell tumor of the 
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Fig. 4 (P. N. 30616).—Photomicrograph of sclerosing osteogenic sarcoma 

: : : ; 

(late fibro-osseous form). Note the irregular trabeculae of new bone and osteoid 
material surrounded by profuse numbers of osteoblasts and spindle cells. The 


lesion occurred in the upper end of the femur of a white youth, aged 20, who died 


eighteen months after disarticulation at the hip joint. 





GESCHICKTER—OSTEOGENIC SARCOMA 607 


Geschickter and Copeland *), although Ziegler * referred to such 
under the term “petrifying sarcoma.” 

e fibro-osseous series of malignant tumors, which, as a rule, 
form cartilage, may be similarly divided into an earlier and a 

form. The earlier type in this group, which is related to the 

“nation of cancellous bone, is only potentially bone-forming and 1s 
histologically composed of a mixture of large malignant spindle cells and 
abortive osteoblasts (fig. 3). Osseous formation is restricted in this 
tumor because ossification in the fibrous tissue, from which the growth 
takes origin, is dependent on a previous storage of calcium by cartilage, 
and such a storage is not available at the site and time of the malignant 
change. In the early literature this tumor appears under the caption 
of “malignant bone aneurysm” ( Paget °). 

The other form of fibro-osseous sarcoma, which is related to the 
formation of cortical bone, arises from fibrous tissue capable of direct 
osseous formation. It is characterized histologically by a rapid pro- 
liferation of osteoblasts with the laying down of much osteoid and 
osseous intercellular material and the formation of numerous irregular 
bony trabeculae (fig. +). Since the time of Virchow ® pathologists have 
referred to it as “sclerosing” sarcoma of the bone. 

This division ot the malignant bone-forming tumors into a carti- 
laginous and fibro-osseous series, each with an early and late form, 
is based on an analysis of over 350 cases in the group of osteogenic 
sarcomas. The clinical and pathologic entities thus delineated are more 
uniform than the conglomerate class of tumors now referred to as 
osteogenic sarcoma and permit greater accuracy in the diagnosis, prog- 
nosis and methods of treatment of these lesions. While retaining the 
term osteogenic to refer to these sarcomas as a group, the present study 
ndeavors to show that this factoring of malignant bone-forming tumors 
into four separate types rests on a sound histogenetic basis and aids 
materially in the comprehension of the nature of the malignant process 
is it appears in bone 


PART ] THE CHONDRAL FORMS OF OSTEOGENIC 
SARCOMA 


\fal: 


Malignant tumors of the skeleton giving rise to cartilage have their 


source In more primitive structures, and have entirely different growth 


Geschickter, C. F., and Copeland, M. M.: Recurrent and So-Called Meta- 
Giant Cell Tumor, Arch. Surg. 20:713 (May) 1930. 

Ziegler, Ernst: General Pathology, New York, William Wood & Com- 
1899, chapt. VII, p. 350, fig. 282. 

Paget, James: Lectures on Surgical Pathology, London, Longmans, Green 


inv, 1876, Lecture 27, p. 583, footnote 7. 


3 
Virchow, Rudolf: Die krankhaften Geschwiilste, Berlin, August Hirsch 
864, vol. 2, chapt. 19, p. 296, fig. 154. 
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properties from those neoplasms arising in bone of fibro-osseous origin, 
These more primitive chondral growths, while having in common th¢ 
power to produce cartilage vary in the modes of their origin, th type 
of osseous bone involvement produced and in their clinical aspects. 
The earliest type of the chondral forms of osteogenic sarcoma, best 
known in the older literature as chondromyxosarcoma, has recently been 
singled out by Phemister* to be dignified as a separate entity under 
the term chondrosarcoma in opposition to the more generalized classifi- 
cation of these tumors by the Bone Sarcoma Registry. A histogenetic 
analysis of this group of tumors is necessary if present day knowledge 
is to be advanced beyond the concepts of Virchow * and Paget,’ both of 
whom described these very malignant tumors in some detail, but drew no 
sharp line of differentiation between them and the frankly benign 
cartilaginous neoplasms and those so-called benign chondromas with 
extensive growth which ultimately may prove fatal by metastases. The 
importance of making such a distinction necessitates a subdivision of 
chondromyxosarcoma into primary and secondary types. This separa- 
tion into primary and secondary forms rests on the fact that while a 
group of very malignant chondromyxosarcomas of the periosteal type 


(fig. 5) arise de novo in young patients between the ages of 14 and 
° 


25 years, with a brief duration of symptoms, averaging less than six 
months, a secondary form, which generally invades the medullary cavity 
and which is nearly identical in histology with the first, is encountered 
in patients usually beyond the age of 30 years, who give a protracted 
history of some previous benign lesion, such as single or multiple 
exostoses or a central chondroma. 

In arriving at these subdivisions of chondrosarcoma, a study was 
made of over 300 cases in the group of benign fibrocartilaginous tumors 
(Geschickter '°), in addition to the analysis of 180 cases in the group ot 
chondrosarcomas resummarized here. For a detailed tabulation of thes¢ 
cases, the reader is referred to this previous paper. 


PRIMARY CHONDROSARCOMA 
The primary form of chondrosarcoma is a very malignant tumor 
arising periosteally, which does not primarily involve either the cortex or 
the medullary cavity of the bone (fig. 5), and which is characterized 


7. Phemister, D. B.: Surg., Gynec. & Obst. 50:216, 1930. 

8. Virchow, Rudolf: Die krankhaften Geschwiilste, Berlin, August Hirsch- 
wald, 1863, vol. 1, p. 534. 

9. Paget, James: Lectures on Surgical Pathology, 1876, Lecture 26, p. 495. 


10. Geschickter, C. F.: Fibrocartilaginous Tumors of the Bone, Arch. Surg 


23:215 (Aug.) 1931. 
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roentgenogram by its translucent and nearly invisible periosteal 











i”) t) 
shadow. The distinguishing microscopic composition of loose connec- 
tive tissue merging into zones of cartilage with an abundant hyaline 
matrix, which may be fringed by osseous tissue, signifies a special mode 
of origin for this tumor (fig. 1). 
Contrary to Sternberg,’' Kolodny,'? Ewing ** and others, recent 
studies showed that this loose myxomatous material is not a degenera- 
+ 
Fig. 5 (P. N. 38620).—Roentgenogram of a typical primary chondrosarcoma 
it the insertion of the quadriceps tendon in a white girl, aged 14. The 
shows a typical translucent periosteal shadow and the absence of marked 
ry or cortical involvement. 
tive product of these growths, but contains the mother cells of the 


neoplasm in the form of a primitive precartilaginous tissue from which 


Sternberg, K.: Personal interview with the author, July, 1929. 

Kolodny, A.: Bone Sarcoma; the Primary Malignant Tumors of Bone 
Giant Cell Tumor, Chicago, Surgical Publishing Company, 1927. 

Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 


wing, James: 
1928 
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the chondral and osseous portions of the tumor are developed. This 
precartilaginous tissue is not far remeved from the mesenchymal stat 
in the embryo which precedes the development of the skeleton. [t js. 
however, a normal structure persisting after birth about the joints and 
at points where tendons exerting maximal traction attach themselves 
directly to the bone. At such points the osseous end of the tendon. 


which is embryologically a portion of the bone and not of the muscle. 





ey 
ig. 6.—The persistance of precartilaginous connective tissue (blastema) 
the ends of tendons attaching directly to bone, in the embryo, after the skeletor 


has been preformed in cartilage. The osseous ends of the quadriceps and achilles 
tendons have been indicated by arrows. 


aids in the formation of a normal bony protuberance and produces both 
cartilage and bone through differential steps in this precartilaginous 
connective tissue (figs. 6 and 7). In and about normal joints also, 
where the articular structures are embryologically a product of the sam 
precartilaginous tissue, developmental steps involving a transition from 
connective tissue to cartilage to bone may be found throughout life. 
usually at the point of reflexion of the joint capsule and even in th 
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svl | proper where chondro-osseous bodies may develop (osteochon- 
tosis), indicating that the embryonic tissue here is closely allied 
to that in the tendons. 

is important to realize, therefore, that this primary periosteal 


chondrosarcoma is not derived from cartilage or misplaced tissue at the 





/ Precartilaginous connective tissue embedded in the normal tendon, 
2 ne 1Sé€ 


to cartilage and ossitication at the site of the tendinous attachment of 


, Lesa *y * . — ° i” 
\driceps to the tibial tuberosity. (The specimen was removed from a young 


yseal line which since the time of Virchow has been the stereo- 
explanation for tumors of the bone containing cartilage. It is 


a tumor of precartilaginous connective tissue and as such it 1s 
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most frequently associated with tissue of that type which persists nor- 
mally at points of tendinous attachments to bone and is closely related 


to benign growths known as exostoses and central chondromas derived 
from similar tissue, which of themselves may give rise to sarcoma of 
this type through secondary malignant change. The fact that all oj 
these growths are microscopically variations of the same combination 
of connective tissue, cartilage and bone bears out the fact that a single 
fundamental histogenetic process underlies this entire range of patho- 
logic changes. 

The clinical features of primary chondrosarcoma corroborate this 
histogenetic analysis. This sarcoma usually involves the region of the 
knee or shoulder and is particularly frequent at the adductor tubercle 
of the femur which forms the insertion of the adductor magnus and at 
the tibial tuberosity where the quadriceps extensor is inserted and at the 
greater tuberosity of the humerus where the superspinatus muscles are 
anchored. These sites of tuberosity formation are, as Leriche and 
Policard ** pointed out, anatomically peculiar, and as Kollicker *° origi- 
nally observed, harbor a distinctive form of chondrogenesis (fig. 7), 
The youthful age of the patient, who is usually between 15 and 20 years, 
the brief duration of symptoms, averaging less than six months, and the 
rapidly fatal course terminating in most instances within fourteen 
months after treatment, emphasize the extremely primitive character 
of the tissue of origin. 

This type of chondrosarcoma is given its clinical individuality not 
only by its localization near tendons, its age distribution and its acute 
course, but also by its roentgenologic features. It is one of the few 
types of lesions of the bone that produce a periosteal reaction and a 
soft part shadow without noticeable effect in the early stages on either 
the cortex or the medulla of the bone. This is more truly a periosteal 
form of osteogenic sarcoma than is the sclerosing form of sarcoma 
usually referred to by this appellation, and is distinguished from the 
sclerosing type by the more shaggy and plentiful periosteal new bone 
and the clouding of the marrow cavity produced by the latter. Palpation 
in conjunction with the x-ray picture also aids in the distinction, since 
the primary chondrosarcoma of the bone produces a firm rubbery tumor, 
which to the examining hand presents a larger bulk than the x-ray 
film would seem to indicate. 

Despite these diagnostic features of the neoplasm, the primary form 
of chondrosarcoma is practically never distinguished by clinicians as 


> 


14. Leriche, R.. and Pr jlicard, . Phy siology of Bone, St. Louis, = V. Mos! \ 
Company, 1928. 

15. Kollicker, A.: Manual of Human Histology, London, Sydenham Society, 
1853-1854, vol. 1, p. 251. 
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idual type. Even when operation discloses the characteristic 
lated. bluish-white and translucent nature of the chondral mass, 
nd microscopic examination reveals the curious combination of dense 
connective tissue, myxoma, fetal cartilage and lobules of pleomorphic 
chondral cells fringed with new bone, this singular form of periosteal 
sarcoma is rarely identified. Instead, it is usually classed rather loosely 
with a general group of cartilaginous tumors in which the border line 
between benignancy and malignancy is not accurately drawn, or it is 
placed in the general group of osteogenic sarcoma without further 
jualification, 

\ clear description of this primary form of periosteal chondro- 
sarcoma which gives full cognizance to the precartilaginous origin of this 
growth, its relationship to the tendons and to the prognosis and impli- 
cations for therapy cannot be obtained from a perusal of the medical 
literature. Yet it constitutes over one eighth of all malignant lesions of 
the bone in a series of over 1,700 benign and malignant tumors of the 
hone on file in this laboratory. 

While in the secondary form of these tumors, cures by amputation 
wr radical operation plus radium implantation are not rare, there are only 
two instances among eighty-four cases of primary periosteal sarcoma 
in which a permanent five year cure has been established. This empha- 
sizes one of the major reasons for separating this group of tumors 
into a distinct class. For while the outlook in these cases is gloomy, 
the percentage of possible cures among the other types of osteogenic 
sarcoma 1s immediately raised; among some of these groups nearly 
ne case in three offers an opportunity for successful treatment. 

Despite the fatality of the lesion, which undoubtedly is inherent in 

primitive phase of osteogenesis responsible for this tumor, unfamili- 

with the clinical and roentgenologic fedtures probably has played 
important role in the therapeutic failures. In the roentgenogram the 
lesion is practically invisible because the chondral mass in the 
part casts little or no shadow, and the bone proper is not dis- 
bed. The changes that are visible in the periosteum may be easily 
tlooked or erroneously attributed to periostitis. Usually it is not 


| osseous destruction due to invasion of the tumor splits the cortex 


ent 


ters the marrow cavity that the nature of the growth is realized, 


this time the auspicious moment for intervention has been 


hen the tumor involves the extremities, an early amputation 

btedly is of greatest benefit, but it must also be borne in 

that radiotherapy, which is effective in secondary chondrosarcoma 

ch cures are by no means rare, is worthy of trial. In one of the 
s in this series in which cure was obtained by amputation, treat- 
th radium packs preceded the amputation. 
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While the details of the clinical and the pathologic picture 


not 
discussed here because they have been brought out in a preceding per 
a typical case report is given with illustrations. This report emphasizes 
a triad of findings on which a delineation of this entity rests: first, the 
features in the history of an acute course of trauma, pain, tumor and 


dysfunction in a patient under 30 years of age; second, the findings on 
examination of a tumor which is rubbery to palpation and larger than 
the translucent periosteal shadow in the roentgenogram seems to indi- 
cate (fig. 8), and third, a microscopic picture in which there is q 


characteristic transition from embryonic connective tissue to myxoma 





Fig. 8 (P. N. 42352).—Comparison of the roentgenogram and gross specimen 
of a primary chondrosarcoma occurring in a white youth, aged 20, five months 
after a trauma. The roentgenogram shows a small translucent periosteal tumor at 
the medial side of the tibial tuberosity. The longitudinal section of the gross 
specimen shows more definitely the size and locality of the periosteal growtl 
which is only faintly discernible in the x-ray film. 


to cartilage to bone in which bizarre forms of fetal and adult cartiag 
predominate. 


Case 1 (P. N. 37930) —Primary chondromyxosarcoma. 

History —A white youth, aged 18, complained of pain in the lower end of th 
right femur of seven weeks’ duration. The trouble began with an injury, whic! 
after subsiding, was followed two weeks later by severe pain. The pain was a dul 
ache that kept him awake at night and was relieved only by rest of the leg, whe! 
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lying down. The patient was compelled to use first a cane and then 

tches because of the pain when walking. 
ination.—Physical examination gave negative results except for the 
f the right knee. There was fulness over the internal condyle of the 
mur. and the swelling was firm and rubbery to palpation. Roentgen examination 
vas first made sixteen days after injury, and gave essentially negative results. The 
ther roentgenograms made five and seven weeks after injury showed a cloudy 
neriosteal shadow about 1 inch above the internal condyle of the femur in the 
of the adductor tubercle. The cortical and medullary bone beneath were 
essentially normal in the anteroposterior view, but in the lateral view in the 





ig. 9 (P. N. 37930, case 1)—The translucent periosteal shadow typical of 


ry chondrosarcoma is shown in the lower end of the femur at the site of 
uctor tubercle. 


region there was a small area of osseous destruction affecting only the 


u Course-—The patient received deep roentgen therapy six weeks after 
lhe pain was somewhat relieved and the swelling slightly less. Eight 
atter injury an amputation at the midthigh was performed. The patient 
me and gained weight rapidly, but about eight months later there were 
igic pains in the chest followed by a mass beneath the sternum and pleural 
The patient died one year after amputation had been performed. 
opic Report—The section (fig. 10) showed a tumor composed of 
cells mainly of the adult cartilage type. The septums extending into the 
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chondral lobules were of a dense fibrous tissue which was actively proliferating. 
The cartilage cells within their capsules were undergoing all types of pleomo: hism 
and degeneration. There were occasional myxomatous areas and slight amounts 
of ossification. A few calcareous areas were present. 

Comment.—The duration of the disease was fourteen months with symptoms 


of two months and a postoperative life of one year. The tumor was primary in a 
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Fig. 10 (P. N. 37930).—Photomicrograph showing pleomorphic cartilage cell 


enclosed in lobules that simulate a benign chondroma, but the strands of prolifer 
ating embryonic connective tissue and calcification bear evidence of the malignant 
nature of the tumor. 


young adult following an injury. Apparently neither roentgen treatments no! 
amputation influenced the ultimate result. Two significant features in this cast 
are the negative roentgen findings immediately after the injury, relating the onset 
of this neoplasm definitely to the preceding trauma, and the complete relief 
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ms afforded for eight months by the amputation, before the clinical mani- 
ns of the pulmonary metastases appeared. 


SECONDARY CHONDROMYXOSARCOMA 


Chondromyxosarcoma is fundamentally related to a precartilaginous 
connective tissue, which may be found under a variety of conditions 
persisting periarticularly and about tendinous and ligamentous attach- 


Fig. 11 (P. N. 42142) - 


€Xostosis, 


-Roentgenogram of a benign osteochondroma or 

The pedicle or base of the outgrowth is formed by normal bone, con- 

us with the underlying shaft of the tibia. The cartilaginous cap is dis- 
outlined by a rim of calcareous material. 


This primitive connective tissue, which has the power to form 
cartilage and bone, gives rise to numerous benign tumors of the 
hondromatous and chondromatous types. 


Most of these benign 
vths are exostoses which represent an exaggerated normal bony 


berance (figs. 11 and 12). In such an exaggerated protuberance, part 
hich is proliferated in the tendon as cartilage and part of which 


ied by a bulging of normal bone beneath, a malunion between 
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Fig. 12 (P. N. 42142).—Photomicrograph of a benign osteochondroma ot 
, I 


exostosis. In the one microscopic field, there is shown three distinct zones, the 
first, a narrow rim of connective tissue (of the precartilaginous type) at the outer 
margin, dipping into the tumor to form lobules; second, a middle area of cartilage, 
which is gradually undergoing calcification, and third, normal cancellous bone 
enclosing a small amount of fatty bone marrow. 
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Gbrous tissue of the tendon and the adjoining periosteum allows an 


overproduction of both chondral and osseous structures.*® In another 
type of related growth, the central chondromas, the localization of the 
tumor in the small bones of the hands and feet and about the ribs and 
sternum where joint surfaces in the body are most numerous suggests 
that the neoplasm begins as an aberrant articulation. Pathologically, 
strands of precartilaginous tissue in these neoplasms identical with a 
type that traverses the bones at right angles to their axis to form joints 
in the embryo supports this interpretation. In all of these benign 


tumors, whether of the exostoses or chondroma type, the persistence of 














Fig. 13 (P. N. 26917).—Roentgenogram showing a primary chondrosarcoma 
arising at a site similar to that of the exostosis shown in figure 11. Note the 


translucent character of the periosteal growth and the mottled areas in the tibia 


beneath 


iunctioning connective tissue of this embryonic, precartilaginous type 
makes possible the origin of secondary chondrosarcoma which becomes 
superimposed on the original benign growth. 

in general, these lesions are different from primary chondrosarcoma, 
althe 
the two forms cannot often be made. In contrast to the adolescent age 

he patients with primary chondrosarcoma, those afflicted with the 
secondary form are most often over 30. Instead of a brief acute 


ugh on the basis of the microscopic section the distinction between 


"he formation of these benign tumors is fully discussed in another article 
te 10). 
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symptomatology, the history usually given is a vague rheumatic com- 
plaint, with weakness or deformity in the affected member persisting 
over a period of many years (from five to twenty-five) and complicated 
in recent months by more severe symptoms of pain and swelling. 














Fig. 14 (P. N. 32909).—Photomicrograph of a primary chondrosarcoma show- 
ing the disorderly arrangement of connective tissue, cartilage and bone, typical oi 
this malignant new growth. Compare with figure 12. 


The roentgenologic findings are far more varied than those in pri- 
mary chondrosarcoma and depend on the nature of the preceding benign 
lesion and the duration of the malignant change. If a single or one 
of multiple exostoses is the seat of the sarcomatous growth, the earliest 
change is periosteal. A haziness in the outer margin of the preexisting 
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erowth rapidly extends downward producing a granulating and 


ben 
spotted destruction in the medullary cavity of the bone beneath. Even 


in late cases in which the benign bony outgrowth has been completely 
destroyed, the widened metaphyseal region typical of both single and 
multiple exostoses gives evidence of the secondary nature of the sar- 
coma (figs. 11, 12, 13, 14 and 15). 

When a central chondroma is the site of the malignant change, the 
multilocular structure of the original tumor will partially persist and the 
expansion of the bone due to the first growth is usually evident. Some- 
times the chondromatous lesions are multiple, and those uninvolved by 


Me . N. 44148) —Transformation of the type of lesion shown at figures 

and 12 into the type shown at figures 13 and 14. The primitive connective tissue 
hondral elements in the exostosis which is clearly visible in A are proliferat- 
giving rise to the infiltrative, malignant lesion shown in BR. A and B are roent- 
genograms of identical lesions in the same patient taken six weeks apart. This 
ondary chondrosarcoma shows a degree of malignancy intermediate between 


hat of the benign exostosis and that of primary chondrosarcoma. 


sarcoma give the key to the original status. If Paget’s osteitis 
deformans has been the forerunner of secondary chondrosarcoma, the 
characteristic generalized changes in the skeleton will be present. Rarely 
peculiar calcified area of cartilage occupying a condyle or a normal 
protuberance will remain quiescent from birth or cause only vague 
matic complaints and then without apparent provocation show the 
itive changes of secondary chondrosarcoma (figs. 20, 21, 22 


»? 
2 2 
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The clinical course and the response to the various methods of treat- 
ment are typical in secondary chondrosarcoma. Slow growth to a 
tremendous size is the rule in the untreated cases, and many o/ the 
huge chondromas of the older authors belong to this category. These 
tumors tend to recur promptly after incomplete surgical measures and 
are easily transplanted into the wound, but metastases are slow to 
develop so that many of the patients survive unsuccessful operation 
from three to five years. Of the modes of therapy, partial excision 
is the most disastrous. Curetting followed by extensive thermal cauter- 
ization is rarely successful. The best results are achieved by amputation 
or radical excision followed by radium therapy.** 

From the standpoint of the pathologist, these tumors present an 
extremely difficult diagnostic problem. While the protracted history and 
the adult age of the patient and the bone-destructive character of the 
lesion superimposed on a previous abnormality, as shown in the 
roentgenogram, make the distinction from primary chondrosarcoma per- 
fectly definite, under the microscope there are no such reliable guides 
As a rule, the sections in secondary chondrosarcoma are predominated 
by myxoma and necrotic cartilage, whereas in primary chondrosarcoma 
there is a greater mixture of cells with a transition through all phases 
of osteogenesis—from connective tissue to cartilage to bone with pleo- 
morphic forms of cartilage predominating. 

The entire problem, however, is far more difficult when an attempt 
is made to distinguish microscopically between secondary chondro- 
sarcoma and the benign chondromas. In many instances the distinction 
by means of the microscope is impossible, but fortunately there are 
other criteria. Foremost is the matter of localization. Cartilaginous 
tumors of the small bones of the hands and feet (excluding the os calcis) 
may be regarded as benign regardless of the microscopic pathologic 
changes. On the other hand, all central tumors of the long bones, 
sternum, spine and pelvis, composed predominantly of cartilage par- 
ticularly those giving evidence of recent increase in size or intensity 
of symptoms, must be looked on as potentially malignant.'* Especially 

17. Dr. W. Sampson Handley of London, in a personal communication (Feb. 1 
1931), set forth his experience with radium therapy in the treatment for sarcoma 
of this chondral type. He exposes the tumor and chisels away the main mass, 
after which large doses of radium are buried for a short time in the wound 
(500 mg. for twenty-four hours). Of five patients thus treated, one is well for 
three years and two had recurrences after three years of active life and freedom 
from pain. These are good results in view of the fact that after the usual unsuc- 
cessful operation this group of tumors recur very promptly in the wound. The 
sloughing of tissues with such intensive irradiation he believes is unavoidable 

18. Wolbach has followed the same rule laid down in this paper. Indepen- 
dently of the results in this laboratory, it has been Wolbach’s experience 1 
Boston that cartilaginous tumors of the large bones, regardless of their pathologic 
process, must be considered potentially malignant. 
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vhen recurrence in the growth in one of the long bones has followed 
‘ncomplete surgical removal, the lesion must be regarded as sarcomatous 
‘rom the clinical point of view. 

In this matter of localization of the growth there is a striking 
histologic paradox. In the lesions of the small bones, although the 
Jinical course is distinctly benign, microscopic examination usually 
reveals a mixture of myxomatous fetal cartilage and new bone indis- 
tinguishable from the chondromyxosarcoma of the primary type. On 
the other hand, in confirmed cases of secondary chondrosarcoma of the 

‘ve bones terminating in death by metastasis, the histology of th 


apLE 1.—Comparison of Clinical and Pathologic Features of Primary and 
Secondary Chondrosarcoma 


Primary* Secondary* 

Number of cases.. : 84 80 

Origir Junction of tendon Previous benign skeletal 
and bone tumors 

Ss Males, 2:1 Males, 2:1 

Race Blacks, 15% Blacks, 6% 

Most frequent ages 14 to 21 yrs. 30 to 50 yrs. 

Favorite sites About the knee, upper Shoulder and pelvie gird 
part of humerus knee and heel 

Duration of symptoms 3 to 5 mos. 2 to 25 yrs. 

Usual symptoms i Pain, tumor, tenderness Pain, tumor, tenderness 

Trauma... . 297, 22% 

Pathologic fracture. . ; None 6% 

Constitutional manifestations. Occasional fever, leuko- Systemic reactions rare, 


eytosis, enlargement of secondary anemia 
regional lymph nodes; 
secondary anemia 


toentgenograms Periosteal translucent Central osseous destructior 
tumor, slight new bone with periosteal reactior 
Microscopie features Pleomorphic forms of Myxoma and fetal car 
cartilage predominate tilage predominate 
Percentage of 5 yr. cures. 5% 24% 
For detailed tabulation of these cases see Geschickter (footnote 10). 


ocal growth which has been the seat of sarcomatous change is ofte1 
ndistinguishable from a benign chondroma. 
Besides this matter of localization and of recurrence, the distinction 
tween secondary chondrosarcoma and benign cartilaginous growth is 
rially aided by a familiarity with the clinical, roentgenologic and 


1 1 ° 
+} | 


ologic features of benign exostoses and central chondromas. As 
ng as an exostosis in the roentgenogram has a pedicle of normal 
sseous tissues and a cartilaginous cap distinctly outlined by calcifi- 
ion, malignant change may be excluded. When under the micro- 
the transition from the overlying fibrous membrane through adult 
d cartilage to normal underlying bone can be visualized through 


three successive fields of low powered magnification, the lesion 


tinctly benign (figs. 11 and 12). Also the histologic appearance 
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of the membranous capsule of the tumor as it dips into the cartilaginoys 
portions of growth, dividing it into lobules, gives evidence of a quies- 
cent state, whereas in sarcoma the connective tissue strands always show 
signs of active proliferation. 

In the benign central chondromas a translucent central area oj 
osseous destruction, traversed by interlacing demarcations and _sur- 
rounded by a definite bone shell, distinguishes these lesigns in the roent- 











lig. 16 (P. N. 28464).—A benign central chondroma occurring in a typical 
location (a phalanx of the finger). The central character of the lesion, its clear] 
demarcated bone shell and the finely multiloculated or “cotton-wool” appearance: 
of the rarefied area are shown. 


genogram from those growths in which malignant change has occurred 
and wherein there is usually a hazy and invasive periosteal growth 
beyond the bone shell, in addition to a granular and spotty change 
within the central area. Under the microscope the benign chondromas 
are usually composed of fairly uniform adult cartilage which closely 
resembles the normal chondral type, and the fibrous septums that lobulate 
the tumor are in a quiescent and hyalinized state (figs. 16 and 17) 
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From the practical standpoint of treatment, the important considera- 
tions in dealing with lesions in the cartilaginous group are: 


|. Cartilaginous lesions of the small bones of the hands and feet, 
excluding the os caicis, regardless of their histology may be treated as 





lig. 17 (P. N. 28464).—Photomicrograph showing the typical adult cartilage 
livided into lobules and the hyalinized state of the connective tissue stroma, which 
is typical for these benign lesions. 


venign and extirpated by curettage followed by chemical or thermal 
cauterization, 


\ll cartilaginous lesions of the large or long bones in adults in 
W there is a history of mild chronic symptoms over a period of 
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many years followed recently by an increase in size and in severity of 
symptoms and in which the medullary cavity is either primarily or 
secondarily involved by infiltrative destruction of the bone must be 
looked on as clinically malignant regardless of their histology. 
trial by deep roentgen therapy in adequate doses should first be mac 
to control the growth and, if this fails, amputation or radical resection 
in which the knife is not allowed to encounter the area of the tumor 
should be carried out, followed by roentgen or radium therapy. 

3. A primary periosteal tumor with brief, acute symptoms, occurring 
in a patient under 30, that shows in the roentgenogram little or no 
involvement of medullary or cortical bone and in which there is no 
visible pedicle or base formed by osseous tissue in relation to the trans- 
lucent periosteal shadow, is usually a primary chondrosarcoma. The 
part should be put at immediate rest, deep roentgen therapy given and 
the x-ray films sent for consultation to one competent to judge. Ii 
the diagnosis is confirmed, an amputation or radical resection well above 
the lesion should be performed. If the lesion is in the upper end of the 
femur or otherwise inaccessible, radical excision with the cautery 
followed by radium implantation should be tried. 

The points brought out in the preceding discussion are reemphasized 
in the case reports and illustrations that follow. 


Case 2 (P. N. 28246).—Secondary chondromyxosarcoma arising in hereditary 
deforming chondrodysplasia. 

History —A white woman, aged 41, had had skeletal abnormalities since birth 
and gave a family history that showed this to be hereditary. The father had 
multiple exostoses in both tibiae. An uncle on the father’s side was similarh 
affected. A sister of the patient, aged 32, had a bony growth on one tibia, and a 
brother, aged 35, had similar growths in both legs and arms and on the right pelvic 
brim, all of which had been discovered at the age of 10. The patient was born wit! 
extra digits on the feet, one next to the large toe on the left foot, and one on the 
middle toe on the right foot. At the age of 3, growths were noticed on both arms 
The present illness began three years before examination with pain in the back o1 
the right side, extending toward the pelvis. The pain had become rapidly worse in 
the last year. 

Examination.—There was a large mass in the right lumbar region which cou!d 
be felt adjoining the spine, just above the pelvis. The roentgenogram showed 
multiple exostoses of the bones of the legs and arms and a less clearly defined 
tumor protruding from the transverse process of the fourth lumbar vertebra 
(fig. 18). This process had been partly destroyed and was capped by a cauliflower 
translucent growth with some calcification in its substance. 

Clinical Course—Local physicians thought that the mass contained fluid and 
under a diagnosis of cyst, an attempt was made to aspirate it. Later an explora- 
tory operation was done, and a piece of tissue removed for diagnosis. The tumor 
gradually increased in size, and there was increased pain radiating to the right 
leg. The patient died two years after the operation. An autopsy was performe? 
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Specimen.—The tumor weighed 8 Kg. and was a large lobulated mass of 
.oinous material attached to the lumbar spine. It was encapsulated by fibrous 
and very hemorrhagic in points. At autopsy, secondary growths were found 
liver, the right suprarenal and the lungs. There were spurs and cystic 
rs of a benign character in the long bones, ribs, etc 
roscopic Report—The sections showed numerous cartilaginous areas 
19). The cartilage cells were of the adult type and resembled the benign 
lroma more than the malignant chondromyxosarcoma. 3ut the hyaline 
-ix was scant and contained more cells, many of which were undergoing pleo- 


ig. 18 (P. N. 28246, case 2).—Malignant change in an osteochondroma of 


transverse process of the fourth lumbar vertebra in a white woman, aged 41, 
suffered from hereditary deforming chondrodysplasia. There were multiple 
toses in the bones of the legs and arms. The sister and brother of the 
suffered from similar defects, as did an uncle on the father’s side. The 
ting character of the lesion is shown. 
ism. A few thin strands of fibromyxomatous tissue were present. The 
which was secured during the exploratory operation, was not representa- 
the malignant nature of the tumor. 


ment—This is an unusual case of congenital multiple exostosis with a 


hereditary basis. These tumors, originally benign, underwent secondary 
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Fig. 19 (P. N. 28246).—High power photomicrograph of the lesion shown ! 
figure 18. Note the proliferating embryonic connective tissue strands between the 
lobules of cartilage. The patient died two years after the exploratory operatiot 
with generalized metastases. An autopsy was performed. 
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nt change in one area, leading to the death of the patient. If the symptoms 
spine are taken as the onset of the malignant change, the subsequent dura- 
life was five years. 


> 


3 (P. N. 34522). —Secondary chondromyxosarcoma arising in a benign 


story —A white woman, aged 41, came under observation with bilateral 

lumps in the breast that were removed and diagnosed blue dome cyst and intra- 

canalicular myxoma. She had had an old trauma twenty-eight years previously 

in the left knee with occasional swelling and stiffness of the left knee joint for 
bout ten years. Some pain and limping were present for the past four years. 

Roentgen Examination.—The roentgenogram (fig. 20) made previous to explo- 

n showed increased calcification and ossification of the internal condyle of 


Figs. 20-25 (P. N. 34522; case 3).—Illustrations of a case of secondary chon- 
lrosarcoma arising in a chondromatous lesion in the internal condyle of the left 
The condition had caused symptoms for over twenty years. The patient 

| of metastasis ten years after the exploratory operation in spite of amputation 
well above the knee. This roentgenogram (fig. 20) shows the calcified lesion in 
the femoral condyle before the malignant properties of the tumor became manifest. 


film was taken ten years before death of the patient (November, 1920). 


leit femur. There are no anteroposterior views available, but the lateral views 
est a benign calcifying chondroma. Just after the operation on the breasts, 
ft knee was explored. 
nical Course—On Nov. 19, 1920, exploration showed no fluid in the knee 
ind normal soft tissues. The bone was not injured. The patient returned 
irther treatment in January, 1924. The pain had increased in severity, and 


g¢ had been present for ten months. Roentgen examinations made on Jan. 


+ (figs. 21 and 22) showed destruction of the femur at and above the condyle 
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just superior to the old calcified area. The destruction of the bone had ex 
across the medullary cavity, and there were definite periosteal shadows on bot 
sides of the lower end of the femur with lipping of the periosteum. Amputation 
was performed without exploration on January 23. In 1929, nearly six years 
after the amputation, the patient had metastases to the frontal bone and unilateral 


exophthalmos (figs. 24 and 25). She died with generalized metastases in Decem 
ber, 1930. 


ided 


Gross Specimen.—The gross specimen showed medullary invasion above the 


condyle of the femur. The tumor material was soft and gelatinous and definite) 














Fig. 21 (P. N. 34522).—Lateral view of the lesion shown in figure 20, thre 
years later (January, 1924), showing the invasive and malignant character of the 
erowth. Note the persistence of the old calcified area in the condyle. 


of the consistency of chondromyxoma. The original tumor area invaded the can 
cellous bone of the internal condyle and apparently was not periosteal in orig! 
(fig. 23). 

Vicroscopic Report—The sections showed a fibrous myxomatous tissue wit! 
some calcifications in chondral areas and a few early cartilage cells. There wert 
some spicules of new bone. The bulk of the tumor area seemed to be made up 


of chondroblasts with fringes of a calcifying matrix. 
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ment.—This is undoubtedly a secondary form of chondromyxosarcoma 

in a cartilaginous rest which occupied one of the condyles of the femur. 

ms had been present for ten years at the time of the exploration and 
en years at the time of amputation. The malignant change had been present 

ten months before amputation and possibly for four years at the time of 
rst exploration. Seven years after amputation, the patient died with metas- 
to other bones. 


ise 4 (P. N. 39952).—Secondary chondromy-rosarcoma arising in a benign 





\ colored youth, aged 18, gave a history of injury two and one-half 


rs previously. Following this there was a definite lump in the left thigh which 


increased in size. The patient was kept under observation, and the mass 

grew steadily and was thought to be a periostitis or ossifying myositis. 
munation.—The results of the general physical examination were negative. 
lower third of the left femur there was a mass the size of a grapefruit 
was firm to palpation. A second mass opposite the larger one was palpable 
external region of the thigh. There was no enlargement of the regional 


odes. Function of the leg was not impaired (figs. 26, 27 and 28). Roent- 
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Fig. 23 (P. N. 34522).—Portion of the specimen from tie leg amputated in 


January, 1924. The waxy, hyalinized mass represents the malignant portion, the 
spongy, honey-combed area in the condyle the primary portion of the growth. 








Fig. 24 (P. N. 34522).—Exophthalmos caused by metastases to the frontal 
bone. The photograph was taken in November, 1927. 




















ig, 25 (P. N. 34522).—Large area of bone destruction in the left frontal bone 


duced by metastases (November, 1927). The patient died with generalized 
letal metastases in October, 1930. 








igs. 26-30 (P. N. 39952; case 4).—IIlustrations showing malignant change in 


gn exostosis in a colored boy, aged 18, following an injury two and one-half 
previously. This photograph (fig. 26) of the patient, taken in June, 1929, 
the bony swelling at the site of the adductor tubercle, eighteen months 


+} 


le onset of malignant change. 
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gen examination showed a bony mass attached to the lower shaft of the 

projecting into the soft parts. Surrounding this bony tumor, which ha 
appearance of an exostosis, was a large cloudy mass with a few radiating 
of new bone. 

Clinical Course.—Because of the rapid growth, malignancy was suspected, and 
amputation was performed. This was in July, 1929, and the patient has had no 
recurrence since leaving the hospital (July, 1931). 

Gross Specimen.—The gross specimen showed (fig. 29) a definite exostosis 
of compact and cancellous bone about 2 inches in length extending outward from 














Figure 27 Figure 28 


Fig. 27 (P. N. 39952).—Roentgenogram taken in December, 1929, showing the 
early signs of malignant change in the exostosis. Note the fracture through the 
benign portion of the lesion and the sarcomatous periosteal reaction on the oppo- 
site side of the femur. 

Fig. 28 (P. N. 39952).—Roentgenogram showing the progress of the sarcomat- 
ous growth in June, 1929. 


the lower shaft of the femur. There was a large cartilaginous cap on the exosto- 


sis which was undergoing secondary malignant change. Large lobules of fibro- 


cartilaginous material had proliferated from the tissue immediately over th 
exostosis. These lobules surrounded the entire lower half of the femur, but di 
not invade the cortex or medullary cavity of the bone. 
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croscopic Report-——Microscopic sections showed trabeculae of laminated and 
formed bone, surrounded by fibrous tissue and myxomatous areas. Many 
cartilage cells were present in the myxomatous tissue. Here and there were 

few giant cells. A malignant ossifying fibrous tissue was present (fig. 30). 
Comment.—This is an unquestionable case of sarcoma arising secondarily in a 
benign exostosis of the femur which had probably been present since birth. The 
artilaginous cap and the soft parts immediately over the exostosis are the seat of 











29 (P. N. 39952).—Photograph of the specimen from the amputation per- 
rmed in July, 1929. 


The osseous pedicle of the original exostosis is clearly 
surmounted by a cystic cartilaginous cap. The huge sarcomatous mass is 
rounding this primary lesion 


wn 


gnant change. Although it is too early to judge the ultimate results, a definite 


is entertained for the life of this patient. 
‘SE 5 (P. N. 29616).—Secondary chondromyxosarcoma arising in Paget's 
of the bone 

A white man, aged 64, whose family and past histories were unim- 


four months previously noticed pain in the right leg just below the 
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knee. Despite various palliative treatments, the pain grew worse and ext 
along the tibia causing him to limp for a month before admission. There 
history of trauma at the onset of the symptoms. 


Examination.—On Feb. 11, 1922, the general examination gave essentially 


tive results save for the affected limb. There was slight bowing of the 
half of the right tibia, and on palpation the bone became larger at the middle 





ee 


: 





Fig. 30 (P. N. 39952).—Photomicrograph taken from the margin of the 
malignant growth showing the sarcomatous proliferation of the primitive pre- 
cartilaginous connective tissue. 


and gradually expanded toward the knee joint. There was slight limitatiot 
motion in both flexion and extension of the knee, with some swelling of leg and 
foot. There were 9,050 white blood cells and 85 per cent hemoglobin, and urine 
was negative for Bence-Jones bodies. Roentgen examination of the right tibia 
showed marked thickening and increased density at the head of the bone and t 
upper two thirds of the cortex (fig. 31). The medullary canal was encroac! 
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this increased density in the upper third of the tibia. The right fibula and 

vint appeared normal. Roentgen examination of the pelvis demonstrated 

ised density of the bone with some irregularity of the periosteum of both the 
rami of the right and left pubic and ischial bones (fig. 32). Both hip joints 
appeared normal. The clinical impression was noted at this time as low grade 
ct ronic multiple osteomyelitis with periostitis. 

inical Course-—The patient symptomatically improved with rest in_ bed. 
heckine of the foci of infection and change of diet, and again became ambulatory. 


urther roentgenograms were taken which showed increased changes in the tibia, 








igs. 31-34 (P. N. 29616, case 5).—Secondary malignant change in a whit 


an, aged 64, who suffered from Paget's osteitis deformans. This figure (fig. 31) 
] ] a 


also figure 32 show an involvement of the right pelvis and right tibia by 


pical Paget’s osteitis. Malignant change at this time was not suspected. Six 


uths later there was increased pain and swelling in the right leg, pointing to 
alignant change, and amputation was performed. 


ly bone-destructive in type. The pain and swelling of the right leg increased. 
his time, Dr. Bloodgood suggested the possibility of sarcoma arising in an old 
f Paget’s disease. Roentgen therapy was instituted without benefit at the 
orial Hospital in New York. Amputation of the right leg through the mid- 
region was performed on August 18 by Dr. Edgar B. Grier (fig. 33). Soon 
suggestive symptoms of metastasis to the spine developed, and the patient 
ur weeks after operation, in September, 1922 
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Vicroscopic Report—The microscopic picture was that of chondrosa: 
(fig. 34). Early connective tissue giving rise to fetal and adult cartilage 
areas of calcification and ossification was present. 

Comment.—This is a case of chondrosarcoma arising secondarily in a 
the seat of Paget’s disease. At the first examination the x-ray picture was felt 
to be that of a multiple nonsuppurative osteomyelitis, and only after further by ny 


changes in the tibia took place did the possibility of malignancy present itseli 


CHONDROBLASTIC SARCOMA 


While primary and secondary chondrosarcomas arise from the mor 
primitive precartilaginous connective tissue persisting in and about th: 





Fig. 32.—Roentgenogram showing increased density of the bone with some 
irregularity of the periosteum of both rami of the right and left pubic and ischial 


bones. 


bone, there is another chondral form of tumor of the bone which arises 
from the cartilage cells of the epiphyseal line in adolescence. This type 
of chondrosarcoma involving the epiphyseal chondroblast is one of the 
more malignant forms of osteogenic tumor, but fortunately is inire 
quent. Although microscopic illustration of this new growth may 
found in Borst’s 7° text under the category of chondrosarcoma and it 


Kolodny’s ** work under osteogenic sarcoma, that this tumor has not 


yet been clearly recognized as a histogenetically distinct entity 1s evi 


denced by the fact that Borst ?® described certain forms of this lesion 


19. Borst, Max Die Lehre von den Geschwiilsten, Wiesbaden, J. F. Berg- 
mann, 1902 
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under endotheliomas; Kolodny, following the lead of Ewing,'* has 


labeled one of these cases a “metastasizing giant cell tumor,” and Cod- 
man °° called a group of these lesions epiphyseal chondromatous giant 
cell tumors. Not the least serious of the modern mistakes in regard to 
this neoplasm is to diagnose it as a benign giant cell tumor. An analysis, 


therefore, that will set this form of sarcoma on its proper basis and 
delineate its separate clinical and pathologic features should prove of 
definite value in avoiding pitfalls of diagnosis and mistakes in treatment. 








big. 33 (P. N. 29616).—The gross specimen following amputation. The upper 
end of the tibia was involved by a chondrosarcoma which proliferated into the 
popliteal space. Note the cystic character of the tumor mass. 


Clinical Features——The age incidence, the site of the tumor and the 
short duration of the clinical course are the outstanding clinical features 
oi this chondroblastic tumor. Patients about the age of puberty are 

icfly, affected. In a series of twenty-four cases, nineteen are in the 
de of life between 10 and 20 years with the majority between the 
row age limits ot 14 to 19. On the basis of age alone, therefore, 


Codman, E. A.: Epiphyseal Chondromatous Giant Cell Tumor of the 
End of the Humerus, Surg., Gynec. & Obst. 52:543, 1931. 
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Fig. 34 (P. N. 29616).—Photomicrograph showing the admixture of early 


connective tissue, cartilage and ossification typical of chondromyxosarcoma 
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this tumor may be linked with the process of bony growth, particularly 
with the bony changes occurring about the epiphyseal line, where ossifi- 
cation via the route of temporary calcified cartilage is taking place at 
the adolescent period and the epiphyseal line is undergoing ossification. 

The localization of the tumors bears out this supposition. Nine of 
the cases of this series are in the lower end of the femur, four in the 
upper end of the tibia, six in the upper end of the humerus and one 
in the lower end of the radius. As pointed out by Poland *! in his 
work on ‘Traumatic Separation of the Epiphyses,” it is the upper ends 
of the humerus and tibia and the lower ends of the femur and radius 
in which skeletal growth is most active. It is at these sites, when ossifi- 
cation is in process, that the chondroblastic forms of chondral sarcoma 
arise, and roentgen studies confirm the relationship of this tumor to the 
growth center of the bone at the epiphyseal line. 

There is also a definite correlation between age and duration of 
symptoms in this tumor. In patients under 20 the average duration of 
symptoms is less than five months, while in the rare cases in which the 
patients are 30 years and over the duration of the disease averages 
over three years. The sequence and character of the clinical events 
in themselves, however, show no such gradation, and in this respect 
the history resembles the usual story of any sarcoma of bone. Trauma, 
pain, tenderness and tumor are reported in the order given in most 
cases, and dysfunction with limp or stiffness is almost a constant 
accompaniment when the lesion is in the weight-bearing extremity. 
Pathologic fracture is reported in only three instances of the series, 
although this is clearly a bone-destructive neoplasm (the rarity of this 
complication being attributable in all probability to the acuteness of the 
disease). Fever, leukocytosis and enlargement of the regional lymph 
nodes are not infrequent in this clinical entity and may be encountered 
in cases of the other types of sarcoma of the bone. This detracts from 
the diagnostic value of these findings which have frequently been 
stressed as peculiar to Ewing’s sarcoma of the bone (Ewing,?* Con- 
nor **), since these systemic reactions, as pointed out in a previous 
study (Copeland and Geschickter **), are to be associated with the rapid 
malignant growth of the tumor resulting in early dissemination and 
metastasis and are not peculiar to the histologic nature of the sar- 
comatous growth. 


21. Poland, J.: Traumatic Separation of the Epiphyses, London, 1898. 


22. Ewing, J.: Endothelial Myeloma of Bone, Proc. New York Path. Soc. 
24:93, 1924. 


23. Connor, C. L.: Endothelial Myeloma, Ewing, Arch. Surg. 12:789 (April) 


“4. Copeland, M. M., and Geschickter, C. F.: Ewing’s Sarcoma, Arch. Surg. 
20:246 (Feb.) 1930. 
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entgenologic Features—The striking roentgenologic features of 
chondroblastic sarcoma are its relationship to an ossifying epiphyseal line 
and the association of a definite translucent periosteal reaction with a 
central area of multilocular osseous destruction. Not infrequently the 
tumor bears a marked similarity to the benign giant cell tumor in the 
x-ray film (fig. 35). Both lesions may cause central osseous destruction 


and involve an epiphysis of the long bone, but there are definite 








Fig. 35 (P. N. 26792).—Roentgenogram of a chondroblastic sarcoma extending 
1 both sides of the epiphyseal line. «The lesion shows the typical multilocular 
structure of a chondromatous growth, and, in addition, the periosteal reaction indi- 
cates its malignant character. This patient was cured by radium treatments fol- 
lowing a curettement and the administration of Coley’s toxins. 


1 
‘ 


points of distinction. Whereas the giant cell tumor usually occurs in 


persons over 20, is confined largely to the epiphysis, is coarsely trabecu- 
‘ated In structure and produces little or no periosteal reaction even when 


pertorating its bone shell, chondroblastic sarcoma usually occurs in 


nts under 20, extends on both sides of the epiphyseal line definitely 


ling the shaft, is finely multilocular in structure and is nearly 
ys accompanied by a definite periosteal reaction (fig. 36). When 
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the earliest stages of this growth are studied by means of the 


C1] - 
genogram, the involvement of the tumor is usually found to be primary 


in the metaphysis. From here it extends to involve the epiphysis in 
most cases, but may rarely invade the bone in the opposite direction 
toward the midshaft region (figs. 37 and 38). This peculiarity in the 
inception of the tumor indicates how intimately its origin is connected 
with the growth zones of the long bones, which, as is well known, are 
on the metaphyseal sides of the epiphyseal lines. 





Fig. 36 (P. N. 35088).—Roentgenogram of a fatal chondroblastic sarcom: 
occurring in a white man, aged 24. This fs an advanced stage of the lesion wit! 
1 marked periosteal reaction and beginning pathologic fracture. The growth still 
shows a multilocular structure at its periphery in the epiphysis of the humerus 


While the tumorous area is predominantly central in location, there 
may occasionally be an escape beyond the cortex into the subperiosteal 
region, particularly near the epiphyseal line. In such instances the 
periosteum is raised by a translucent shadow, and osseous formation 
from the inner side of the periosteum is noticeably lacking. 

The age distribution of this tumor aids in distinguishing it from 
a solitary focus of metastatic carcinoma. In cancer deposits that ar 
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darv in the bone, the localization of the involved area 1s usually 


arer to the midshaft region, and the type of periosteal reaction seen 
chondroblastic sarcoma together with the small subcortical zones 
f multiloculation is practically always absent. Also the involvement 


i the lower end of the femur, upper end of the tibia and lower end of 


the radius is rare in metastatic carcinoma while quite frequent in this 


iim of chondrosarcoma. 


l 


lig. N. 35226).—Roentgenogram of a chondroblastic sarcoma arising 
he epiphyseal line and extending for some distance into the metaphysis. Note 
small focus of osseous destruction in the epiphysis and the elongated area of 
faction extending toward the shaft. This lesion proved rapidly fatal, and the 
died six months after the onset of the symptoms, in spite of amputation. 


nt 
if 


\ Ewing's tumor may occasionally be a source of confusion. There 
e of the patient, the acuteness of the symptoms 


similarity in the ag 
How- 


| the tendency of the long bones to be the site of predilection. 
in Ewing’s sarcoma there is more formation of new bone, a more 


ise involvement of the shaft with an extension to the midshaft 
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region, and the involvement of the epiphysis so characteristic of cho: 
blastic sarcoma is never seen in early cases. 

Gross Pathology—At operation, the tumor may be found ext 
ing into the soft parts covered by a thin envelope of fibrous ti 
invading the subperiosteal regions covered by an intact periosteun 


entirely within a bone shell. In any event, the bulk of the neoplasm 


is usually within the medullary cavity or within a cancellous portion 


of the bone. The tumor tissue itself varies in consistency according to 
the degree of vascularity and necrosis. Often it gives an appearance 
of organized hemorrhage, being dark red or jelly-like in appearance, 





Fig. 38 (P. N. 27509).—A chondroblastic sarcoma suggesting in the roentgen 


gram a Ewing’s tumor. The lesion extends shaftward away from the epiphyseal 
line but definitely involves the epiphysis. There is a periosteal reaction resembling 
onion peel formation and slight sclerosis with widening of the shaft suggesting 
Kwing’s sarcoma. The small focus of the epiphyseal involvement is rare 
Ewing's sarcoma. This case proved fatal within a year despite a disarticulatio! 
at the hip joint. For the microscopic picture see figure 43. A and B were taker 
before curettement. C was taken one week later. 


and contains scattered bits of necrotic bone. At other times it 1s mor‘ 
consistent with gray or bluish-white, translucent areas resembling 
hyaline cartilage. 

The mode of extension of the tumor is interesting. In some spec! 
mens in which the limb has been amputated, the unossified epiphyseal 
line can be clearly traced except at the point where there is proliferatio: 
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e tumor (fig. 39). Here it is displaced by a hemorrhagic and 
rotic mass which extends in irregular fashion into the metaphyseal 
region of the cancellous bone, stimulating little new osseous reaction. 


tumor evidently does not disseminate as readily within the cancel- 


x. 39 (P. N. 35226).—A longitudinal section of the amputated specimen of 
hondroblastic sarcoma shown in figure 37. The tumor had fungated through 

The relationship of the tumor 
to the unossified epiphyseal line is clearly discernible. Note the dark hem- 
igic character of the tissue. 


perative wound made by two curettments. 


bone as it does in the subperiosteal spaces, for once it has reached 


areas the spotty medullary foci of tumor growth are replaced by 
liferating subperiosteal mass. 
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The most important information disclosed by the examination o 
gross specimens is the continuity between the tumorous mass an 


unossified epiphyseal line. The epiphyseal cartilage forms a pla: 


origin for the new growth, for whether the foci of invasion o 
tumor extend into the metaphysis or into the epiphysis or laterall) 
the subperiosteal zone, a connection is always demonstrable between 
the area in which the epiphyseal cartilage is destroyed and the masses of 
tumor substance, provided the growth is not too far advanced. 


if 


Fig. 40 (P. N. 23473).—A longitudinal section through the amputated speci- 
men of a chondroblastic sarcoma involving the upper end of the humerus of : 
white girl, aged 9. The mass of tumor tissue has obliterated the metaphyseal 
region of the upper end of the humerus and partially invaded the epiphysis. A 
pathologic fracture has occurred through the vascular area. The upper part 0! 
the tumor is of cartilaginous consistency. This patient died four months after th 
amputation. 


Clinically, the character of the tumor tissue found on exploration 0! 
these growths is often indistinguishable from the hemorrhagic grum- 


ous material found in giant cell tumor or the vascular cavitation 1 
the so-called malignant aneurysms of the bone (fig. 40). But th 
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encountering of occasional zones of cartilaginous material in an other- 
wise necrotic and hemorrhagic mass or the connection of the tumor 
tissue with a persisting unossified epiphyseal line should always arouse 
suspicion of this rare form of chondroblastic sarcoma. Unlike the 
primary or secondary chondrosarcoma, syrupy, jelly-like masses of 
translucent chondromyxomatous material and cystic degeneration are 
not characteristic of this neoplasm. 

Microscopic Features——Under the microscope, chondroblastic sar- 
coma is essentially composed of a mass of young and adult cartilage 
cells undergoing calcification. The tissue, although distinctly of the 
hyaline cartilage variety as is indicated by the intercellular substance 
or matrix, differs from all forms of normal cartilage in its extreme 
vascularity (fig. 41). Strands of precartilaginous connective tissue with 
myxomatous formation and early fetal cartilage cells are absent, a point, 
which along with the vascularity, distinguishes this tumor under the 
microscope from the primary and secondary forms of chondromyxo- 
sarcoma just discussed. New bone of tumorous origin which may be 
sparsely present in chondromyxosarcoma is absent in these growths. 
The end-product of the tumor never passes beyond the stage of calcifi- 
cation—another important distinguishing microscopic feature. This 
last point is verified by a study of the metastatic pulmonary nodules, 
since normal reactive new bone may be present at the periosteal margins 
of chondroblastic sarcoma (figs. 42 and 43). 

On examination with a high powered microscope, this sarcoma of 
the bone, which may be designated as calcifying chondrosarcoma as 
opposed to the chondromyxosarcomatous form which ossifies, presents 
an assortment of polyhedral and angular cells with prominent nuclei 
and ill defined cytoplasm. The younger cells show small dark nuclei with 
a crowded chromatin substance, while in the older cells the nuclei 
are larger and more vesicular with a distinct central nucleolus and a 
definite nuclear wall. Many of the cells have a scanty or ill defined 
cytoplasm, but in others there is a prolongation of cytoplasmic processes 
and within the meshwork of this reticulation a clear, faintly staining 
intercellular substance is often observed (fig. 44). This represents an 
attempt at the formation of typical cartilaginous areolae prior to the 
stage of calcification. 

\ characteristic and distinguishing histologic feature of these neo- 


plasms is the intercellular lattice work formed by the calcifying matrix. 


Chis lattice work pervades the tumor with sketchy fragmentary curved 


+, emphasized by varying degrees of calcium deposition. Here and 
larger areas of uncalcified matrix appear which are easily recog- 


as typical hyaline cartilage, and in isolated portions of the tumor 
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circumscribed islands of chondroblasts may give the tumor an alveolar 
appearance. The tumor is extremely vascular with many blood spaces 
sparsely enclosed by a single layer of endothelium. Near these vascu- 
larized areas, and usually toward the periosteal margin of the growth, 
siant cell osteoclasts are numerous. These giant cells are of the epulis 








41 (P. N. 35226).—Photomicrograph of a section taken from the tumor 
shown in figures 37 and 39. The section shows the proliferation of chondroblasts 
with a small amount of calcified cartilage. Vascularization and giant cell pro- 
liferation were marked in this case and originally led to an erroneous diagnosis 
»f giant cell tumor. 


tvpe, and sections cut from the margins of these growths may closel) 


simulate a benign giant cell tumor and have led in several instances to an 


erroneous microsce DI ic diagnosis. 
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N. 32348).—Calcifying metastatic pulmonary nodule in chondro- 
sarcoma. The photomicrograph shows the end-stage of the tumorous 
Calcification but not new bone is produced. The patient was a white 


ged 16, who died four months after the onset of symptoms 
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Fig. 43 (P. N. 27509).—Photomicrograph of the tumor shown in figure 38 


Giant cell invasion of an area of the tumor undergoing calcification is taking 
place. The section was taken from the margin of the tumor. 
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hig. 44.—Microscopic studies of the histogenetic cycle of chondroblastic sar- 


ma. A shows the proliferation of chondroblasts with clear acidophilic cyto- 

m surrounding nuclei of various sizes and represents the earliest stage. In B, a 

| amount of the matrix composed of hyaline cartilage is being formed. At C, 

artilage is undergoing rapid calcification. At D, the periosteal margin of 

‘tumor is shown. The periosteum is reacting with a slight amount of new 

ormation, and the tumor is being invaded by giant cells, which in all proba- 
epresent a defensive reaction against the calcifying tumor mass. 
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Fig. 45.—Comparison of the neoplastic chondral tissue in chondroblastic s 
coma with the cartilaginous skeleton of the embryo. A shows chondroblastic pri 
liferation in the human embryo, and B, early calcifying cartilage in the 
embryo.  ( 


Salt 


shows chondroblastic proliferation in a chondroblastic sarcoma, and 
D, early calcifying cartilage in the same tumor. 


These photographs indicate quit 
emphatically that the neoplastic process concerns the proliferation of chondr 
elements, and that the giant cell areas often seen in the sections are a secondary) 
phenomenon 





: 
: 
: 
: 
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HISTOGENESIS 

The age incidence of this tumor, its location at an active epiphyseal 
line and the easy identification of the proliferating cartilage cells as 
chondroblasts similar in type to those present in the skeleton of the 
embryo immediately after the long bones have been preformed in 
cartilage, supply the clues necessary to an analysis of the histogenesis 
(fig. 45). 

In the adolescent age period in normal persons, there is at the 
epiphyseal lines of the upper end of the humerus, lower end of the 
femur, upper end of the tibia and lower end of the radius where these 
tumors predominate a final spurt of growth in the length of the 
appendicular skeleton previous to the obliteration of the growth disks. 
This spurt in development in the long bones takes place on the meta- 
physeal side of the epiphyseal line and is accomplished by a twofold 
process. There is a reproduction of cartilage cells in the form of 
chondroblastic proliferation, and in addition to this reproduction there is 
a maturation and further development of the cartilage cells terminating 
in calcification. Later vascularization with resorption of the calcified 
material takes place to be followed by the substitution of permanent new 
bone. In this final process of substitution, brought about by new blood 
vessels and the resorptive power of giant cell osteoclasts, the cartilage 
cells play no active role, but constitute in their calcified state a necessary 
stimulus to the final event of ossification. This entire process, which 
normally is gradual and orderly, is distorted and tremendously hurried 
and exaggerated by the etiologic factors that precipitate the malignant 
growth, 

The malignant growth coincides, therefore, at its inception with the 
normal developmental process at the epiphyseal line, but departs from 
the normal in that a single line of cell differentiation predominates, 
creating a definite unbalance in favor of chondroblastic growth and 
calcification. 

The result of this malignant distortion is a tumor characterized by 
rapidly proliferating chondroblasts that abort into an end-stage of 
calcified cartilage without producing, except in a fragmentary way, 
the usual hyaline matrix typical of adult cartilage in the normal develop- 
ment. Apparently while still in a proliferating stage, many chondro- 
blasts of the malignant type are ensnared in a calcifying matrix of their 
own making and are petrified. 

The vascularity of the tumor and the giant cell areas are secondary 
ieatures. Giant cell invasion followed by vascular channels is the nor- 
inal order of embryology in the osteogenesis of permanent bone via 
the intermediate route of cartilage (Geschickter and Copeland *°). 


_ 25. Geschickter, C. F., and Copeland, M. M.: Osteitis Fibrosa and Giant Cell 
Tumor, Arch. Surg. 19:169 (Aug.) 1929. 
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Apparently, in this tumor the invasion of the calcified structures py 
giant cells and blood capillaries is a normal defensive response on the 
part of the adjacent periosteum as is evidenced by the fact that such 
areas are always more pronounced at the margin of the tumor and are 
notably lacking in metastatic pulmonary nodules where an end-stage o{ 
unresorbed deposits of calcium is the rule (figs. 42 and 43). A portion 
of the vascularity (mainly vessels of the thin endothelial wall type), 
however, must be looked on as a feature common to sarcoma in gen- 
eral.2* The presence of these vascular areas of giant cells accounts for 
the frequent mistakes by competent pathologists in diagnosing these 
neoplasms as benign giant cell tumor, metastatic giant cell tumor and 
angiosarcoma. The classification by Codman *° of these tumors as benign 
epiphyseal chondromatous giant cell tumors peculiar to the upper end 
of the humerus is not supported by the present study. In the first 
place we find a wider distribution for these lesions and proved instances 
of death produced by pulmonary metastases, in spite of radical operation 
Secondly, the cartilage present cannot be considered as a passive struc- 
ture, representing a persistence of the normal unossified epiphyseal 
line. The chondral elements are actively proliferating, and the chondro 
blasts have definite invasive powers. These chondroblasts and th 
transitional forms they show are not characteristic of the normal 
epiphysis, but resemble the cells seen in the embryo when the skeleton 
is being preformed in rapidly growing cartilage. 


PROGNOSIS AND TREATMENT 


The duration of symptoms and the clinical follow-up emphasize the 
malignant character of this calcifying form of chondrosarcoma. Thi 
usual duration of the disease from the onset of the first symptoms to 
death does not exceed two years. With present standards of diagnosis 
and methods of treatment, the outlook is not favorable. Of fourteen 
cases in this series in which amputation was performed all but on 
terminated fatally. One patient survived the operation more than 
twenty-one months, only to succumb to metastasis. 

Considering the malignancy of the growth, an unusual number of 
the patients were treated by curettement with or without cauterization, 
in most instances owing to faulty diagnosis. None of these patients was 

26. This view, that the giant cell areas in chondroblastic sarcoma are a product 
of normal reacting bone, it is believed, is nearer the truth than the supposition 
that they are a further stage in the malignant osteogenesis of cartilaginous bot 
by the sarcomatous chondroblasts. 
formation of the calcified matrix can be observed under the microscope, it 
difficult to see how they could survive to initiate the giant cell phase, as a further 
malignant product. The fact that giant cells are more numerous at the margin 
of the tumor at the site of normal reactive bone supports this view. 
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benefited by this mode of therapy when used alone. ‘wo patients, 
curetted and treated by erysipelas and prodigiosus toxins (Coley’s), died 
three and nine months, respectively, after the procedure was instituted. 

Although preoperative or postoperative irradiation failed in the 
majority of cases wherein it was used, the only two five year cures 
re corded in this series were in patients subjected to this mode of therapy 
in addition to surgical measures. In one, radium as well as deep 
roentgen therapy was employed, the radium being implanted directly 
into the operative wound after curettage. This patient also received 
Coley’s toxins.. In the other case, a thorough course of deep roentgen 
therapy followed the curettement, and in addition, amputation was 
finally performed. While both deep roentgen therapy and radium have 
failed (one patient treated by direct radium implants died of tumor 
nineteen months after treatment was begun), irradiation should not 
be neglected as a counterpart to operation in these cases of chondro- 
blastic sarcoma.*? This is borne out by a follow-up study in nearly 
200 cases of the various chondrosarcoma groups (primary, secondary 
and chondroblastic). The conclusion seems warranted that unless an 
early amputation can be performed, operative intervention should always 
be followed by irradiation, preferably by competent radium therapy. 
The radium dosage, however, must be adequate and should not be 
attempted unless at least 120 mg. are available. 


CONCLUSIONS CONCERNING THE CHONDRAL FORMS OF 
OSTEOGENIC SARCOMA 

In the chondral forms of osteogenic sarcoma that have been dis- 
cussed, there is little choice between the various types from the stand- 
point of prognosis so far as microscopic examination is concerned. 
Whether the microscope discloses a combination of primitive connective 
tissue, myxoma, fetal, adult cartilage and new bone characteristic of 
primary myxochondrosarcoma, or whether it reveals a tumor composed 


of proliferating chondroblasts with abortive and calcifying cartilage 
typical of chondroblastic sarcoma, the outlook is equally grave. There 
is, to be sure, slightly more chance of permanent cure in the chondro- 
blastic form which would be expected on the basis of microscopic grad- 


27. Two additional cases in which cure was obtained have been added to this 
group of tumors by Codman in his study of the material from the Bone Registry. 
Two other cases are reported by him in which the patients were alive, two years 

four months and three years and ten months, respectively. In the cases in 

ich cure was obtained, resection following two recurrences was effective in one, 
nd in the other the patient is reported well following exploration and treatment 
rysipelas and prodigiosus toxins (Coley’s). From his studies, Codman doubts 
malignancy of this group, but the cases reviewed by him included only those 
urring in the upper end of the humerus. 
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ing, since in chondroblastic sarcoma the mother cell represents a higher 
stage of differentiation than does the precartilaginous connective tissye 
giving rise to chondromyxosarcoma. 

However, far more significant than the microscopic structure from 
the standpoint of the grading of the degrees of malignancy in these 
sarcomas is the clinical question of whether the tumor is of primary 
or secondary origin. As can be seen from table 3, the five year cures 
are from two to three times as great among the chondrosarcomas of sec- 
ondary origin as in either the primary or chondroblastic forms. In 
view of the fact that it is usually impossible to distinguish under the 
microscope between the primary and secondary forms of chondromyxo- 
sarcoma, the question arises: To what is this difference in the degree 
of malignancy to be ascribed ? 


TABLE 3.—Comparison of Results of Treatment in the Chondral Forms 
Osteogenic Sarcoma 


Results in 186 Primary Secondary Chondroblastic 
Chondral Sarecomas Chondrosarcoma Chondrosarcoma Sarcoma 


J are ; 84 80 
Diientesdstccdenencus mA 4 7 


Total followed........ 80 


‘ 
io 


Cg re 12 
Per cent of 5 year cures.. 24% 


Followed over 5 years............... 40 50 
9 


Since all of these chondral sarcomas (as well as the osteogenic 
sarcomas as a group) arise in tissue capable of further differentiation, 
and since the tumorous process itself apparently involves this differ- 
entiation, whether this process is at the height of its activity due to an 
impetus to normal growth or whether it is in a relatively quiescent state, 
constituting, as it were, a cell rest in the sense of Cohnheim, is of funda- 
mental importance to the subsequent course of the growth. In the very 
malignant tumors of primary chondrosarcoma and chondroblastic sar- 
coma, the tissue of origin represents a zone of active growth. In th 
primary chondromyxosarcomas, the precartilaginous connective tissu 
forms a junction between osseous tissue and the ends of tendons that 
attach directly to bone and act as a zone of growth interposed between 
the two maintaining connection with the lengthening tendon as the 
bone grows. There is, therefore, an impetus to normal growth behind 
the primary chondromyxosarcomas that arise at these sites during youth 
and the adolescent period. In the same way there is a corresponding 
impetus behind the chondroblastic sarcomas that arise at a similar zone 
of normal growth at the epiphyseal line during the same age period. 

On the other hand, in the secondary chondromyxosarcomas, which 
are common in patients beyond the age of 30, the undifferentiated tissue, 
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which acts as a source for the malignancy, bears no relation to either 
an age period of active growth or to a zone of normal growth. Instead, 
a benign osteochondroma or chondroma (which is usually a congenital 
defect) harbors the undifferentiated tissue in a quiescent state, and not 
until some local injury stimulating a reparative process occurs does the 
sarcomatous growth arise. 

From an analysis of the chondral forms of sarcomas, therefore, it 
may be concluded that the osteogenic sarcomas of the bone, as a group, 
are intimately connected with the process of histogenesis. These sar- 
comas arise either during a process of differentiation in tissue at a 
zone of growth during the normal period for growth or in an embryonic 
rest from relatively undifferentiated tissue persisting in a quiescent 
state in some benign tumor of the bone. In the following discussion of 
the forms of osteogenic sarcoma of fibro-osseous origin, these conclu- 
sions will be seen to apply to both the early type of osteolytic sarcoma 
and the later form of sclerosing periosteal sarcoma. 

From the standpoint of the degree of malignancy in the grading of 
all these tumors, the same principles apply. The degree of malignancy 
depends not only on the degree of differentiation of the cell of origin, 
but on whether or not the process of differentiation is concerned with 
an impetus to normal growth. To state this differently, the grading of 
the neoplasm is a function of the age of the cell from the embryonic 
standpoint and a function of the age of the patient from the stand- 
point of general bodily growth. 


(To be Concluded) 
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OMAHA 


If whole blood to which some anticoagulant, such as sodium citrate, 
has been added is allowed to stand in a test tube, the erythrocytes (and 
leukocytes) will gradually settle, leaving a clear plasma above. That 


there is a marked variation in the settling time of blood in health and 
in inflammatory conditions has been noted by many observers. Galen 
spoke of the erythrocytes as forming a buffy coat or “crusta phlogista.” 
In 1791, John Hunter noted that the erythrocytes of blood settled more 
quickly in inflammatory conditions than in normal blood, and that the 
red cells of normal blood, separated from their own plasma and trans- 
ferred to the plasma of infected blood, settled with greater speed, the 
rate being in direct relation to the severity of the infection. This 
observation became the stimulus for numerous investigations and reports 
both in this county and abroad (Miller, 1844; Davy, 1839; Nasse, 
1836, and others). Then, as often happens in medicine, interest in this 
phenomenon lagged for half a century, only to be awakened again in 
1917, when Fahraeus accidentally noticed the rapidity of the sedimen- 
tation of red corpuscles in the citrated blood of gravid women. Later, 
he as well as Linzenmeier (1920-1922) found the rapidity of sedimen- 
tation even more increased in patients with infections, Linzenmeier 
giving particular attention to pyosalpinx. 

Friedlaender (1924), Polak (1926) and Baer and Reis (1926) have 
given an excelent review of the literature and have demonstrated the 
great value of the test in obstetric and gynecologic cases. Wehrbein 
(1928) has shown its value in urology. It is my purpose to attempt 
to evaluate the test in general surgery, with special reference to disease 
in the lower right quadrant of the abdomen and to the mechanisms 
involved. During the past two and one-half years, sedimentation tests 
have been made on most of the patients admitted to the surgical wards 
of the University Hospital. Complete blood counts including Schilling 
counts were made at the same time for comparison. When Schilling 

* Submitted for publication, July 30, 1931. 


*From the Departments of Anatomy and Surgery, College of Medicine, 
University of Nebraska. 
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determinations were not made, ordinary differential counts and counts of 
jolymorphonuclear leukocytes, as shown in the segmented cell column of 


the tables, were substituted. 
METHOD 


fhe technic employed in this study was that of Linzenmeier (1922), as modified 

Friedlaender (1924). Ejight-tenths cubic centimeter of blood was drawn 
directly from a vein with a Luer syringe containing 0.2 cc. of a freshly prepared 

per cent solution of sodium citrate. The blood and citrate solution was shaken 
in the syringe until thoroughly mixed and then emptied into a sedimentation tube. 
This tube is simply a hard glass tube about 6.5 cm. in length and 5 mm. in 
diameter which has been marked at the 1 cc. level and at 6, 12, 18 and 24 mm. 
below this level. The time was noted when the mixture was placed in the tube 
and likewise when the line of demarcation between the erythrocytes and plasma 
reached the 6, 12, 18 and 24 mm. marks, respectively. In order to have a direct 
comparison with most previously reported results, the time required for the 
demarcation line to reach the 18 mm. mark was used in this report, although 
additional information may be gained by plotting a curve of the entire settling 
time (Cutler, 1926; Kilduffe, 1929). Such a curve usually shows a relatively slow 
settling from 0 to 6 mm. (probably due to surface tension), a more rapid fall 
from 6 to 12 and from 12 to 18 mm., and again a slower time from 18 to 24 mm. 
(probably due to packing of cells). 

Normal Sedimentation Time.—Before a test may be of value in disease, a 
normal for that test must be established. In more than 300 cases of healthy 
persons, Friedlaender found the sedimentation time (18 mm. line) to be from 
1,000 to 1,200 minutes in the male and from 600 to 1,000 minutes in the female. 
The values given by Linzenmeier are somewhat higher. On the other hand, others 
report lower figures, some regarding readings over 200 minutes as normal. In 
healthy persons our average is 720 minutes, varying between 300 and 1,450 
minutes. It must be remembered that in an apparently healthy person some form 
of infection may be hiding which may accelerate the sedimentation time. In spite 
of this apparent discrepancy in supposedly normal persons, there is such a marked 
acceleration in certain conditions of disease that it is not as difficult to draw the 
line between normal and abnormal as it may seem at first. For purposes of this 
study, any time under 200 minutes may be considered as having diagnostic and 
prognostic significance. 


SEDIMENTATION RATES IN VARIOUS CONDITIONS 
Inflammatory Pelvic Diseases—Table 1 shows the sedimentation 
time, total leukocyte count and differential (Schilling) count in a repre- 
sentative group of acute, subacute and chronic inflammatory pelvic con- 
ditions. Practically all cases of acute salpingitis, tubo-ovarian abscesses 
and cul-de-sac abscesses showed a sedimentation time of less than 30 
minutes. In the subacute cases of the same nature, the sedimentation 
rates were approximately between 30 and 60 minutes, and in the chronic 
cases, between 60 and 120 minutes. The leukocyte count and the dif- 
ierential count for the most part were consistent with the sedimentation 
time. However, there were some glaring discrepancies. For instance, 
in a subacute case of salpingitis (proved by operation), there were a 
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sedimentation time of 34 minutes and a total leukocyte count of 7,300: 
in a case of septic abortion, a sedimentation time of 15 minutes and a 
leukocyte count of 8,300, and in a chronic case of salpingitis (operative), 


TABLE 1.—I/nflammatory Pelvic Diseases 


Sedimen- White Seg- Lym- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 


20 17,950 71 - = 23 re 1 Acute and subacute 
17 12,600 58 f { 17 ; ey salpingitis 
37 6,600 60 Aa at 30 ; ee 
12,500 53 f : 24 : : -.  Pelvie abscess 
26,400 92 - s oa ie -. Acute salpingitis 
17,400 37 5 ie -.. Acute salpingitis 
13,600 38 ; 3 Acute salpingitis 
32,600 78 Acute and subacuté 
20,200 57 salpingitis 
19,100 77 
16,000 44 
13,800 56 wa a 
26,400 92 an “a 3 is : .. Acute salpingitis 
22,000 jd ae , Acute salpingitis 
9,300 
8,300 


te Coto 


Septic abortion 
18,700 Tubo-ovarian abscess 
10,800 os .. Acute salpingitis 
27,900 2 { - ’ re .. Tubo-ovarian abscess 
10,000 51 om f j -.. Acute salpingitis 
22,800 5s 2 1 i ..  Pelvie abscess 
16,200 f i ga = .. Acute salpingitis 
18,200 37 2 , , .. Pelvic peritonitis 
13,500 5 2% i , Acute salpingitis 
16,000 : ‘ 3 .. Bilateral pyosalpinx 
18,500 5s 32 § a ..  Septie abortion 
18,200 2 a * ; Ke ee .. Acute salpingitis 
16,000 ii 22 : : 3 Acute salpingitis 
15,000 2 = as re .. Pyosalpinx 
13,000 ei aa a i .. Pelvic abscess 
15,050 } as ae ms aes .. Acute salpingitis 
12,000 ; } , ( Acute salpingit's 
14,000 5 2: ‘ § : Acute salpingitis 
11,750 2 j ‘ ‘- oa .. Septic abortion 
10,500 j 25 - = -.»  Tubo-ovarian abscess 
15,200 , me 7 ual .. Septic abortion 
16,500 2: 3 x ~ .. Puerperal sepsis 
10,600 : ; Subacute salpingitis 
7,600 j f ws 32 : hd me Subacute salpingitis 
10,500 . a ne 2: oo ea .. Subacute salpingitis 
7,600 7 oe “ } j Ry .. Subacute salpingitis 
7,800 7 eo a 2 , < .. Subacute salpingitis 
10,400 i te ee 3: a res .. Subacute salpingitis 
13,600 5 2: { = Subacute salpingitis 
10,300 3 ~ 2: ry .. Subacute salpingitis 
11,000 om Ke 2 ‘ tah .. Subacute salpingitis 
8,750 nb 2 } ; Subacute salpingit's 
11,400 } an ae 25 ie ..  Ineomplete abortion 
7,600 . ai - 2 3 ” .. Subacute salpingitis 
11,000 " ‘ aie 2: : .. Subacute salpingitis 
7,300 : 3 . .. Subacute salpingitis 
9,000 ng ¢ i ‘ : Subacute salpingitis 
7,300 5g am ae f j ..  Chronie salpingitis 
10,250 } aa as : , .. Chronic salpingitis 
7,850 7 a _ 2 2 .. Chronic salpingitis 
10,100 dé f fe : ns .. Chronie salpingitis 
10,400 aa “a 32 . ; .. Chronie salpingitis 
11,600 : m4 aid .. Chronie salpingitis 
9,640 a es : .. Chronic salpingitis 
13,200 if ‘ ‘ ‘ 3 ; ..  Chronie salpingitis 
12,000 f . Chronic salpingitis 


me roce ho 


a sedimentation time of 126 minutes and a leukocyte count of 13,200. 
In some cases, the differential count (Schilling) fitted in with the 
sedimentation time better than the total white count (for example, a sedi- 
mentation rate of 34 minutes, a leukocyte count of 7,300 and Schilling 
determination: segmented cells, 44; staff cells, 30; young cells, 4: 
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lymphocytes, 16; monocytes, 4, and eosinophils, 2), but in others it was 
also at variance (for example, a sedimentation rate of 36 minutes, a 
leukoevte count of 7,600 and Schilling determinations: segmented cells, 
60: staff cells, 5; young cells, 0; lymphocytes, 32, and monocytes, 3). 
\With due consideration of possible errors in technic and judgment, par- 
ticularly as regards the Schilling count, there is still a group of cases 
in which a marked discrepancy exists between the sedimentation time 
and the blood picture. From a diagnostic and prognostic standpoint, 
the sedimentation test is a valuable adjunct to the total white and differ- 
ential blood counts, often exceeding them in importance. In the 
differential diagnosis between appendicitis and right-sided adnexal dis- 


TaBLE 2.—Noninflammatory Pelvic Diseases 








Sedimen- White  Seg- Lym- ; 
tation Blood mented Staff Young pho- Mono- Eosino- Baso 
Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 


7,300 . 4 - 11 1 -.  Retrodisplacement 
8,900 6 2 ie ..  Retrocele, cystocele 
9,400 be oe ae 35 ; eS .. Simple fibroid tumor 
7,950 i oe is 3 x _ ..  Cystie ovary and 
fibroid tumor 
7,800 7 ne us 22 wa - .. Retrodisplacement 
10,200 j oe - 36 ; .. Retrodisplacement 
7,500 5 - : 3¢ 7 oe a Fibroid tumor 
6,450 55 “is , 3 > Prolapsus uteri 
6,200 55 y 3 ~s ibis Prolapsus uteri 
9,850 6 ae a 3% : om .. Fibroid tumor (dia- 
betes) 
15,600 7 = al 26 { .. Procidentia 
8,900 57 1: a 3 me .. Fibroid with abscess 
19,700 } li 1 “se oe .. Infected fibroid 
tumor 
11,800 , ’ : E q Kis ..  Eetopie pregnancy, 
uncomplicated 
13,000 j 5 5 § .. Ectopie pregnancy 
with adnexal disease 


ease, it is of particular value, as will be shown later. Friedlaender, 
Polak and Baer and Reis used the test in determining the safe time for 
operation in inflammatory pelvic diseases. Baer and Reis arbitrarily 
took 60 minutes as the deadline under which operation was not safe. 
In our experience, the patients with a sedimentation time under 60 
minutes who were operated on had a stormier convalescence than those 
who were not operated on until the settling rate was over 60 minutes. 
However, operations in cases with sedimentation rates as rapid as 30 
minutes were safe, although there were a few days of severe reaction. 
In our series, cases in which the settling time was under 30 minutes were 
considered inoperable at this stage. 


Noninflammatory Pelvic Conditions——Patients with simple ovarian 
cysts, perineal lacerations, displacements and uncomplicated fibroids 
showed normal sedimentation time unless there were other foci of infec- 
tion (table'2). On the other hand, in cases of infected fibroids or 
fibroids associated with adnexal disease the sedimentation time was 
rapid. In uncomplicated ectopic pregnancy, there was a moderately 
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accelerated sedimentation (45 minutes), but when associated with 
salpingitis a much more rapid time (26 minutes) was noted. 


Diseases of the Urinary Tract.—In acute infections of the urinary 
tract, such as pyelitis, pyelonephritis, pyonephrosis, prostatitis and peri- 
nephritic abscess, rapid sedimentation times (under 30 minutes) were 
noted without exception (table 3). Usually the total leukocyte count 
and the Schilling count were in accord, but in two cases of pyonephrosis 
with urinary fistulas, the rapid sedimentation times were associated with 
fairly normal blood pictures. On the other hand, ureteral colic (stone) 
and other urologic conditions without associated gross infection were 
accompanied by fairly normal sedimentation times, emphasizing the 
importance of the latter in the differential diagnosis of pain in the 
lower right quadrant of the abdomen. 


TABLE 3.—Urinary Tract Disease 


Sedimen- White Seg- Lym- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 
234 9,600 67 9 ee 21 -" 1 2 Renal caleulus 
76 6,000 43 20 28 : i .. Essential hematuria 
16 14,200 46 24 7 .. Pyonephrosis 
9 10,300 86 mR an 14 i .. Pyonephrosis 
18 7,100 40 36 : ss ‘ .. Acute hemorrhagic 
nephritis 
16,000 85 eu we ‘ .. Infected prostate 
47 ‘ 3 .. Urinary fistula 
69 : is 5 ~ ..  Perinephritie abscess 
42 ; 2 j ir .. Urinary fistula 
56 Pes , } .. Infected hydrocele 
ov a - x ie ..  Pyelonephritis 
79 aa es 7 ‘ aa .. Pyonephrosis 
70 ry ne : we ae ..  Ureteral calculus 
68 ¥- mS 3 a ~ ..  Ureteral calculus 
80 ee on Ee ..  Pyonephrosis 


73 ee ai 27 ne a ..  Ureteral caleulus 


Appendicitis —Perhaps the most interesting and valuable finding is the 
relatively slow sedimentation time present in acute appendicitis without 
rupture. Ina fairly representative series of cases (table 4) the average 
was 115 minutes, with variations between 45 and 300 minutes. In the 
subacute and chronic forms, there were even slower times, averaging 227 
minutes, with variations between 51 and 540 minutes. As already noted, 
in right-sided inflammatory adnexal and urinary tract diseases there 
are more rapid sedimentation rates. Although the total white count 
and differential count are often valuable in differentiating these con- 
ditions from appendicitis, there is still a considerable group of cases in 
which such counts are either not characteristic or are borderline, making 
them misleading or valueless in the differential diagnosis. It is in this 
group particularly that the sedimentation test is often of the greatest 
value in helping to establish the true diagnosis. Of course, no diagnosis 
should be based on a single finding, but on a combined picture built up 
by a complete history, a thorough physical examination and indicated 








TABLE 4.—A ppendicitis 








Sedimen- White Seg- Lym- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 


K. 61 7,200 54 13 1 26 1 -. Acute (pregnancy) 
103 11,600 47 2 4 23 oa -. Acute 
180 15,400 84 ae ie 13 ws im Acute 
200 14,100 82 a +s 18 oe 2 -. Acute 
48 7,600 52 i 35 F -. Acute 
256 19,600 5 10 : pon Acute 
131 18,200 7 Acute 
51 14,000 Acute 
58 14,000 “ -. Acute 
77 18,900 aa y ‘ oe .. Acute 
52 13,000 : Acute 
300 22,800 96 ee “a a es . Acute 
240 18,300 9 oe i § oe och . Acute 
50 26,700 E 25 f he ‘ Acute 
13,200 5 33 ee 5 - ‘ Acute 
17,400 37 { é - .. Acute 
17,000 ‘ ee 56 ; - Acute 
17,500 56 - { 3 a Acute 
16,100 : ee os d +n d Acute 
15,600 5g és Acute 
11,800 3 aa a 2 on - -- Acute 
12,400 5 y ae .. Acute (throat infee- 
tion) 
10,200 ie ee § y - Acute 
13,200 5s 2 “ 22 ae 2 .- Acute 
10,000 } ae ot 2 “ én -. Acute 
7,800 i én a 3 é< Acute 
14,800 : Acute 
4,600 Subacute 
8,600 Subacute 
5,150 Subacute 
8,300 Subacute 
8,200 Subacute 
10,800 2 .. Subacute 
5,200 j “ ee es a ae Subacute 
6,800 = sis ee 7 .. Subacute 
10,400 i { 5i 1 a Le Subacute 
9,800 3 os pa , Se Subacute 
7,600 3 +“ 2 ; a Subacute 
6,200 } = ie ‘ f .. Subacute 
8,800 52 25 wa 3 a Subacute 
7,600 { : we ps Pi -. Subacute (active 
syphilis) 
Subacute 
Subacute 
Chronie 
Chronic (throat 
infection) 
Chronic 
re . : .. Chronie 
9,600 3 2 re { f ..  Chronie (complicat- 
ing infection) 
9,700 : { ae rm 2 Chronie 
7,700 } 7 + 26 , Chronie 
12,880 - ca : ae: ex .. Chronie 
6,600 “ : g -.  Chronie 
7,600 re 35 oe i _ Chronie 
10,400 : : pS ‘ ’ ..  Chronie 
6,700 35 ae 2 re se a Chronie 
8,500 5s 3 cal 3 : } Chronic 
7,600 : ba 3 ‘ q de Chronie 
9,800 , +“ os 2% , 7 id Chronie 
8,600 ¢ 3: an Chronic 
9,000 } : § 3: aa ae Chronie 
15,200 5 3 ¢ a x -. Abscess and general 
peritonitis 
14,500 5s 22 } +“ .. Ruptured appendix 
25,200 ¢ ae “> ee ms -. Ruptured appendix 
13,300 2 1 3 ‘ ‘a Abscess 
20,000 5 27 ; a .. Retroperitoneal 
abscess 
14,000 5: ‘ f g oa .. Ruptured appendix 
10,800 5 os ee é “ mi -. Acute gangrenous, 
with free fluid 
16,400 i oak q - Ruptured appendix 
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laboratory procedures. In my opinion, the sedimentation test helps to 
complete this picture, and is a most valuable aid in the differentia 
diagnosis of disease in the lower right quadrant. 

In cases of ruptured appendix, appendical abscesses and appendicitis 
with generalized peritonitis much more rapid settling times were noted 
than in uncomplicated appendicitis, the average for such cases being 27 
minutes, with variations between 19 and 39 minutes. Since normal blood 
counts are sometimes found in such cases, the sedimentation test is often 
of great value in helping to make the diagnosis. 


TABLE 5.—Gallbladder Disease 


Sedimen- White Seg- Lym- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 
170 8,250 67 “ - 25 4 y 2 Chronic cholecystitis 
320 9,800 74 a ov 22 2 2 ae Chronic cholecystitis 
134 8,100 79 a - 21 i Chronie cholecystitis 
100 8,900 76 ws ae 19 (with stones) 
92 11,300 82 oe ee 18 Chronic cholecystitis 
(with stones) 
Chronie cholecystitis 
Chronie cholecystitis 
(with stones) 
Chronic cholecystitis 
Chronie cholecystitis 
(dental infection) 
Chronie cholecystitis 
(complicating infec 
tion) 
Chronic cholecystitis 
Chronie cholecystitis 
Chronie cholecystitis 
Chronie cholecystitis 
Chronie cholecystitis 
Chronic cholecystitis 
(gastric ulcer) 
Chronie cholecystitis 
(with stones) 
Chronie cholecystitis 
Chronie cholecystitis 
Chronie cholecystitis 
(duodenal ulcer) 
Acute cholecystitis 
with abscess 
Acute gangrenous 
gallbladder 
Acute cholecystitis 


80 9,000 45 
180 5,200 


360 7,600 
10 12,600 


27 11,200 


9,600 
9,700 
10,200 
8,600 
6,300 
7,400 


ty 
Phos © 


to 


9,125 
8,600 
8,900 
8,300 
13,300 
17,400 


15,000 


Cholecystitis and Cholelithiasis—The average sedimentation time in 
cases of chronic cholecystitis and cholelithiasis was 145 minutes, with 
variations between 51 and 360 minutes (table 5). In the more acute 
cases with fever, with or without jaundice, more rapid times (13 to 39 
minutes) were noted. The presence of jaundice did not seem to make 
any difference in the settling rate in our cases (Linton, 1930). 


Miscellaneous Conditions—In the pyogenic infections, such as acute 
infection of the hand and foot, acute osteomyelitis and carbuncles, 
rapid sedimentation times were invariably found, the average being 24 
minutes (table 6). In diabetes mellitus (with or without gangrene) 
there were rapid rates; on the other hand, in nephritis with nitrogen 
retention, there were not rapid rates, unless there was an associated 
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Time 
11 
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White 
Blood 
Cells 


15,800 
3,600 


12,400 
12,000 


11,000 


16,200 
22,100 
14,600 


11,700 
6,000 
8,900 

5,200 

11,000 
8,300 

10,400 


7,200 
5,800 
6,500 
9,900 
7,000 
13,000 


7,300 
15,600 
5,600 
8,400 
6,800 
9,600 


9,100 


9,900 
18,800 
9,600 
11,200 
8,800 
8, 150 
12,000 
6,400 
7,900 


8,500 
10,000 
11,800 

7,400 


13,200 
10,000 
16,900 


15,400 


11,300 
10,200 


10,200 
13,400 
11,000 

7,300 
27,600 


11,000 


24,300 
12,200 


23,500 


7,450 


7,800 
7, 
12,200 


TABLE 6.—Miscellaneous Conditions 
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Diagnosis 


Empyema 

Retropharyngeal 
abscess 

Mastoiditis 

Anal fistula (tuber- 
culous) 

Infected sinuses and 
teeth, bronchitis and 
mastoiditis 

Burns (leg) 


Burns (back and 
arms) 
Burns 
Typhoid fever 
Typhoid fever 
Typhoid fever 
Neurofibroma 
Intestinal obstruction 
Periostitis of man- 
dible 
Hemorrhoids 
Chronic ulcer 
Inguinal hernia 
Bullet wound 
Hernia and hydrocele 
Bacterial endocar- 
ditis 
Inguinal hernia 
Infected hand 
Hemorrhoids 
Postoperative hernia 
Xanthoma 
Endarteritis oblit- 
erans 
Cardiovascular renal 
disease 
Ventral hernia 
Cellulitis of leg 
Hemorrhoids 
Infected hand 
Uleerative colitis 
Harelip 
Bronchiectasis 
Dacrocystitis 
Postoperative hernia 
(infected) 
Inguinal hernia 
Diabetie gangrene 
Diabetes mellitus 
Chronic interstitial 
nephritis 
Diabetes mellitus 
Osteomyelitis 
Streptococcal in fec- 
tion of leg and thigh 
Infected toe; 
lymphangitis 
Infected toe 
Lymphagnitis of 
right leg 
Umbilical abscess 
Carbuncle of neck 
Boil; throat infection 
Myositis ossificans 
Osteomyelitis of 
femur 
Osteomyelitis of 
humerus 
Gangrene of leg 
Compound Pott’'s 
fracture with osteo- 
myelitis 
Gangrene, endarter- 
itis obliterans 
Abscess thigh 
Hernia (4+ Wasser- 
mann reaction) 
Hernia 
Varicose veins 
Wound infection 
Acute streptococcal 
infection of throat 
and nephritis 
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active infection. In noninfectious conditions the sedimentation rates 
approached normal. The total leukocyte and differential counts were 
usually, but not always, in accord. 

Malignant and Toxic Conditions ——With a few exceptions, proved 
cancerous conditions were accompanied by considerable acceleration of 
sedimentation (table 7). In fifteen of nineteen cases, the settling times 


TaBLe 7.—Malignant Conditions 








Sedimen- White Seg- Lym- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Case Time Cells Cells Cells Cells cytes cytes phils phils Diagnosis 
34 7,900 82 me ws ae - .. Cancer of tongue 
170 8,100 78 ‘ , H 1 2 Cancer of antrum 
100 7,800 63 ‘ ae 3 : 1 : Cancer of cervix 
50 9,600 64 : Cancer of cervix 
5 8,800 65 Cancer of cervix 
6,200 65 Cancer of vulva 
11,400 70 Cancer of cervix 
16,900 70 Cancer of cervix 
14,400 59 Cancer of cervix 
15,500 52 Cancer of fundus 
5,600 69 General carcinoma- 
tosis 
Cancer of gall- 
bladder 
Cancer of colon 
Cancer of breast 
5,600 Cancer of breast 
8,900 an ee , .. Cancer of stomach 
10,400 52 2: : . ..  Caneer of submaxil- 
lary gland 
Cancer of intestine 
Cancer of rectum 


26,000 


15,000 
5,600 


7,000 
10,700 


TABLE 8.—Goiters 





Sedimen- White Seg- 
tation Blood mented Staff Young pho- Mono- Eosino- Baso- 
Time Cells Cells Cells Cells cytes cytes phils phils Basal Metabolic Rate 
440 7,200 i - ee 28 : - 1 +39 to +43 


195 7,200 36 2 a pa { f os —12 to 0 
22 12,200 } ‘ ea 2 at = ne +45 


355 ,600 } ad a % § s 3 to 0 
; 800 3 od a ‘ an 5 
6,100 


13,400 6 1 3 9 i 90 to +100 
9,400 \ os ‘e 28 ‘ to +52 
8,000 3 to +61 


were between 13 and 71 minutes, with an average of 39 minutes. In 
the other four, the rates were between 100 and 372 minutes, the latter 
rate occurring in a case of recurrent submaxillary tumor with no signs 
of cachectic absorption. 

In cases of toxic thyroid, on the other hand, there was little or no 
acceleration of the sedimentation rate, the average being 208 minutes 
with variations between 120 and 440 minutes (table 8). It would seem, 
therefore, that the toxins of infections and malignant conditions pro- 
duce changes in the blood plasma that permit an accelerated sedimenta- 
tion time, while the endocrine secretions, normal or abnormal, have no 
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such effect (Mora and Gault, 1930; Hufschmid, 1930). This brings up 
the question of the mechanisms responsible for the differences in settling 
time in health and in certain disease conditions. 


MECHANISMS INVOLVED IN THE SEDIMENTATION TEST 


Various attempts have been made to explain the variation in the 
sedimentation time. One of the most popular theories has to do with 
the electric charge of the erythrocytes (Fahraeus, 1918; Hiiber, 1920; 
Linzenmeier, 1922; Friedlaender, 1924; Baer and Reis, 1926; de Haan, 
1918; Plaut, 1920). Huber, using a glass tube filled with diluted normal 
blood, with one end attached to a positive and the other to a negative 
electrode, demonstrated that the erythrocytes migrated toward the anode, 
indicating that they themselves carry a negative charge. According to 
this theory, in normal blood the erythrocytes carrying similar charges 
repel each other so that they remain separated by uniform distances 
and do not clump. Anything that tends to remove the electric charge 
of the red cells will allow them to clump and settle more rapidly in their 
plasma. Since erythrocytes of normal blood, transferred to the plasma 
of blood under inflammatory conditions, settle more quickly than in 
their own plasma, the bodies causing the electrical discharge must be 
in the plasma. According to some writers (Clausser, 1923; Fahraeus, 
1917; Htiber, 1920; Nees, 1925; Schurer and Eimer, 1921), the plasma 
of such abnormal blood contains positively charged agglutinins which 
neutralize the negative charge of the red cells, while others (Solomon, 
1925; Vorschiitz, 1924; von Oettingen, 1922) believed that such plasma 
contains increased globulins which increase the viscosity and decrease 
the negative charge of the erythrocytes. J. Miller (1844), C. G. Leh- 
mann (1853) and H. A. Reimann (1931) also expressed the belief that 
the variation in sedimentation time depended on the abnormal viscosity 
of the plasma and the agglutination of the red cells in various infectious 
diseases. Groedel and Hubert (1925), on the other hand, found no 
parallelism between the speed of sedimentation and the viscosity of the 
plasma. Kirsten expressed the belief that an abnormal proportion of 
blood cholesterol to lecithin accounts for the disturbance in the suspension 
stability of the erythrocytes. Although the electric theory makes an 
excellent working hypothesis, there is no direct proof of its correctness, 
except perhaps the fact that the red cells do carry a negative charge. 


The differences of opinion as to the relation of the viscosity of the 
plasma to the sedimentation time led us to make parallel viscosity and 
sedimentation tests on a group of one hundred patients to see whether 
there was any consistent relationship. Numerous difficulties were 
encountered in developing a satisfactory method for determining the 
viscosity of blood plasma with sufficient accuracy to make the readings 
valuable. At first, determinations were made on the Hess viscosimeter, 
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but owing to the small caliber of the capillary tubes, it was found 
impossible to keep them clean enough to prevent “crawling.” The varia- 
tions due to this as well as to other imperfections in the machine were 
greater than those between the different plasmas, making the results 
valueless. It was finally decided to use the Ostwald type of viscosimeter, 
which has a larger capillary tube and depends on gravity for its flow. 
After numerous experiments, a small tube was made which could be 
used with as little as 4 cc. of plasma. Since variations in temperature 
markedly affect the viscosity of fluids, it was decided to make these tests 
in a water bath of constant temperature (25 C.). Also, since the vis- 
cosity of plasma increases after exercise (Sahli) and after the taking 
of food, these tests were made in the morning before breakfast, with 
the patient in bed. Dr. F. Lowell Dunn, director of the department of 
clinical research, College of Medicine, University of Nebraska, gave his 
personal assistance and the use of equipment in this work. 


TECHNIC 

The following technic was used: About 12 cc. of blood was taken from a 
vein in the usual manner and placed in a centrifuge tube containing 40 mg. of 
potassium oxalate or 2 mg. of heparin to prevent coagulation (Rourke and Plass, 
1929). The tube was centrifugated until the clear plasma remained on top. This 
was separated with a pipet and 4 cc. introduced into the arm, C D, of the viscosity 
tube (fig. 1), which was suspended in a water bath at 25 C. The plasma was 
then drawn up through the tube, A B, by suction until the meniscus was above the 
line O. It was then allowed to settle by gravity and the time required for it 
to pass from O to P determined by a stop-watch. <A similar determination was 
made in the same tube, fresh distilled water being used instead of plasma, and 
the viscosity of the plasma then being expressed in relation to that of water, thus: 
settling time for plasma divided by settling time for water equals viscosity of 
plasma. The tests for sedimentation of the blood were made in the manner 
previously described. 


RELATION OF THE SEDIMENTATION TIME TO THE VISCOSITY 
OF THE PLASMA 


A tabulation of the results shows a definite relationship between the 
sedimentation time of the blood and the viscosity of the plasma. At 
first thought, one would expect to find a direct relationship, that is: 
the greater the viscosity, the slower the settling time, and vice versa. 
Actually, the reverse was found to be true; the greater the viscosity, the 
more rapid the settling time, and vice versa. However, this is not a 
1:1 relationship, and is best expressed by a graph (fig. 2). The curve 
obtained shows a sudden fall of viscosity from 0 to 30 minutes, a gradual 
fall from 30 to 130 minutes and a slow flattening out from 130 minutes 
to the normal ranges. Apparently, some new element is introduced in 
plasmas with settling times of 30 minutes or less which gives a sudden 
increase in viscosity in this range—an element that is either absent 


























Fig. 1.—Tube in which viscosity of the blood plasma was tested. Four cubic 
centimeters was introduced into the arm, C D, which was suspended in a water 
bath. The plasma was then drawn up through the tube AB by suction until 


the meniscus was above the line O. The time required for it to pass from O to P 
was determined by a stop-watch. 
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Fig. 2.—Chart showing the relation between the increase in viscosity of the 
plasma and the sedimentation time of the blood. 
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or present in a much lower degree in plasmas with sedimentation rates 
over 30 minutes. Whether there is a cause and effect relationship 
between the sedimentation time of the blood and the viscosity of the 
plasma or whether they are both the result of still another factor is a 
matter of conjecture. With the thought that the increase in viscosity in 
plasma of infected patients was possibly due to increase in nitrogen 
compounds (split proteins, etc.), several total nitrogen determinations 
were made by microchemical methods, with the personal assistance and 
advice of Dr. Meyer Beber, associate professor of biochemistry, College 
of Medicine, University of Nebraska (Jones, 1929; Westergren, 1931). 
However, the variation between plasmas were within the limits of error, 
as well as within the limits of normal, and without consistent tendency, so 
that no definite conclusions could be drawn. In addition, as previously 
noted, cases of nitrogen retention do not show accelerated sedimentation 
times or increased viscosity, unless they are associated with active infec- 
tion. In diabetes mellitus, there are an acceleration of the sedimentation 
time and an increased viscosity, but increases in blood sugar could explain 
only a small percentage of the total cases in which there were rapid 
settling times. 


On the other hand, the increase in viscosity (and possibly the accelera- 
tion of the sedimentation rate) may be due to an increase in or a change 
in the form of the lipoid content of the plasma. This suggests a theory 
based on changes similar to those that take place in fixed tissue cells 


during inflammation and necrosis: namely, a withdrawal of fat from its 
normal, finely divided state of emulsion into one involving larger par- 
ticles, finally leading to coagulation necrosis and disintegration. That 
a similar process may take place in the plasma is not inconceivable. 
At first this may be of slight degree (gradual curve) and then, at a 
certain stage, rather suddenly increase in amount, giving the type of 
curve found in figure 2. If one favors the electric theory as a cause of 
the acceleration in sedimentation time, one has only to assume that the 
disturbance in plasma content, and therefore viscosity, causes a discharge 
of the negatively charged erythrocytes, allowing them to clump and fall 
more rapidly. However this is only a theory, since the only direct evi- 
dence is the negative charge carried normally by the erythrocytes and 
the increase in viscosity of plasmas with rapid sedimentation rates. The 
rest must be filled in by deduction until further direct evidence is 
available. 
SUMMARY AND CONCLUSIONS 

1. The blood sedimentation test is a simple and reliable means of 
diagnosis and prognosis in general surgical conditions, often surpassing 
the blood count in value. 

2. It is of particular value in the differential diagnosis of appendicitis 
from other pathologic conditions of the lower right quadrant of the 
abdomen. 
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3. There is an inverse relationship between the settling time of the 
erythrocytes and the viscosity of the plasma, which is best expressed by 
a graph. 


4. It is suggested that variations in viscosity may be due to varia- 
tions in amount or change of form of the lipoid content of the plasma. 


5. On this basis, a theory is offered to explain the variations in sedi- 
mentation time, which embraces the electric theory advanced by other 
workers. However, the exact mechanism is still unknown, and further 
work along this line seems indicated. 
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STUDIES OF THE PHYSIOLOGY OF THE LIVER 


XXII. THE VAN DEN BERGH REACTION IN THE JAUNDICE 
FOLLOWING COMPLETE REMOVAL OF THE LIVER * 


JESSE L. BOLLMAN, M.D. 
AND 
FRANK C. MANN, M.D. 


ROCHESTER, MINN. 


The method of estimating bilirubin in the blood that was intro- 
duced by Hijmans van den Bergh is extensively used in clinical medi- 
cine. It differs from other methods of estimating bilirubin in blood 
serum or plasma since it not only allows quantitative estimation of 
bilirubin, but reveals qualitative differences by which jaundice of hemo- 
lytic and obstructive origin can be differentiated. Van den Bergh 
rediscovered the color reaction given by bilirubin with the diazo reagent 
of Ehrlich, and applied this reaction in producing an accurate test for 
small amounts of bilirubin in small amounts of serum. With regard 
to the delicacy of the test, he found that a solution of 1: 1,500,000 of 
pure bilirubin dissolved in alcohol still affords a positive result. Next 
he made the original and significant observation that in some cases of 
jaundice it is unnecessary to bring the bilirubin into alcoholic solu- 
tion, but that a positive coupling with production of the azo-dye can 
be obtained by adding the diazo reagent direct to the icteric serum. 
In this way he was able to divide icteric serums into two groups: (1) 
those that gave a color reaction at once (maximal within thirty sec- 
onds) on the addition of the diazo reagent directly to the serum (van den 
Bergh’s prompt direct reaction), and (2) those that did not give a color 
reaction or gave it only after long delay on the addition of the diazo 
reagent direct to the serum (van den Bergh’s delayed direct reaction). 

Every icteric serum gives an immediate color reaction with the 
diazo reagent after precipitation with alcohol so as to bring the bile 
pigment into alcoholic solution. The application of this method is 
known as van den Bergh’s indirect reaction. Since serums of group 2 
(delayed direct reaction) are usually subjected to this test, they are 
often referred to as giving an indirect reaction as opposed to serums of 
group 1 (prompt direct reaction) ; they give immediate color with the 
diazo reagent whether or not alcohol has been added to the serum. 


* Submitted for publication, May 25, 1931. 


*From the Division of Experimental Surgery and Pathology, the Mayo 
Foundation. 
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In correlating the recent investigations concerning the origin and 
excretion of bile pigment, Rolleston and McNee* developed a theory 
of jaundice. The basis of their views is that the polygonal cells of 
the liver are not essentially concerned with the manufacture of bile 
pigment, but with its transference from the vascular capillaries into the 
bile canaliculi. The view was also put forward that the cells of the 
reticulo-endothelial system, those in the spleen and other lymphoid 
tissue, those in the bone marrow and also the Kupffer cells of the 
liver deal with the breaking down of hemoglobin and the formation of 
bile pigment. As a result of the differences in the van den Bergh 
reaction in different types of jaundice, Rolleston and McNee suggested 
that in its passage from the vascular capillaries through the hepatic 
cells, bilirubin is modified in some unknown way. On these hypothetic 
views, icterus, defined as bilirubinemia, might arise in several ways: 

1. When bile pigment, formed in the reticulo-endothelial cells, passes 
through the hepatic cells to reach the bile canaliculi, it is obstructed in 
its outflow and finally reabsorbed into the blood. 

2. When, owing to injury and functional derangement of the polyg- 
onal cells, the bile pigment from the endothelial cells is unable to 
enter them, it must pass instead directly into the hepatic veins and so 
accumulate in the general circulation. A second mechanism arising in 
a similar manner might occur in excessive destruction of blood during 
which more bilirubin is formed in the reticulo-endothelial cells than the 
cells of the liver can excrete. In such circumstances some bile pigment 
might pass normally through the hepatic cells into the biliary passages, 
the excess going directly into the hepatic veins. 

3. When, besides the injury of the polygonal cells, some obstruction 
is present in the biliary passages, some bilirubin passes directly into the 
hepatic veins, and some through polygonal cells which are still function- 
ing, to be obstructed in the biliary passage and then absorbed. 

The experimental work that furnishes the basis of the foregoing 
theory of jaundice is summarized in our previous studies regarding the 
formation of bile pigment.2, Mann, Bollman and Magath,’ in 1924, 
described a yellow pigment which progressively accumulates in the urine, 
plasma and fatty tissues following total removal of the liver from dogs. 

“1. Rolleston, H., and McNee, J. W.: Diseases of the Liver, Gall-Bladder and 
Bile-Ducts, ed. 3, London, The Macmillan Company, 1929. 

2. Bollman, J. L.; Sheard, Charles, and Mann, F. C.: An Experimental 
Study of Obstructive Jaundice with Particular Reference to the Initial Bilirubin- 
emia, Am. J. Physiol. 80:461 (April) 1927. Mann, F. C.; Sheard, Charles, and 
Bollman, J. L.: An Evaluation of the Relative Amounts of Bilirubin Formed in 
the Liver, Spleen and Bone Marrow, ibid. 78:384 (Oct.) 1926. 

3. Mann, F. C.; Bollman, J. L., and Magath, T. B.: Studies on the Physiology 


of the Liver: IX. The Formation of Bile Pigment After Total Removal of the 
Liver, Am. J. Physiol. 69:393 (July) 1924. 
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It was usually noted in the urine a few hours after hepatectomy, and 
appeared in the plasma in from three to six hours after operation. In 
about sixteen hours a definite icteric tint of the sclera could be noted. 
At necropsy all the fatty tissue of the body was a dirty yellow. This 
yellow pigment gave all the chemical reactions for bilirubin. The 
yellow serum gave the delayed van den Bergh reaction, and the pigment 
could be extracted by chloroform from the plasma and also from the 
tissues. The formation of this pigment did not depend on any of the 
intra-abdominal organs. Its rate of development under certain condi- 
tions was accelerated by the intravenous injection of laked blood. From 
these studies, it appeared that a high percentage of the bile pigment 
excreted by the liver is of extrahepatic origin. 

In all our experiments on complete removal of the liver it has been 
noted that the bilirubin that accumulates in the blood and tissues is 
comparable to that found in man normally and in cases of hemolytic 
icterus ; that is, the indirect van den Bergh reaction is positive but the 
direct reaction does not occur. The pigment is soluble in fat and may 
be extracted from fat tissue or blood by chloroform. One marked 
difference is present, however; the dog’s kidney excretes this indirect- 
reacting bile pigment as soon as quantities sufficient to give a faint 
reaction (0.05 mg. per hundred cubic centimeters of blood) are present 
in the blood. This bile pigment in the dog’s urine gives the prompt 
direct reaction and, as far as we can determine, is identical with the 
bile pigment in the urine of obstructive jaundice. This fact does not 
appear to be due to a difference in the nature of the serum bilirubin in 
the two species as it may depend on the renal threshold of bilirubin of 
this type. The level of serum bilirubin in man is normally more than 
ten times that in the dog, and it is probable that the kidney of man 
would be correspondingly less sensitive to increased amounts of this 
indirect-reacting bilirubin in the blood. The kidney of man also has a 
threshold for the direct-reacting bilirubin of obstructive jaundice, but 
this is not high compared with indirect-reacting bilirubin. 

Because we had found that indirect-reacting bilirubin of the blood 
of hepatectomized dogs became direct-reacting after it passed through 
the kidneys, it appeared probable that the direct-reacting bilirubin in 
the blood might be bilirubin that had passed through the cells of the 
liver. This concept is by no means new, as van den Bergh mentioned 
in his original article that the reaction of pigment in bile was direct 
when only the indirect reaction was obtained in the blood. 

Direct experimental proof of the passage of bilirubin from the 
blood to the cells of the liver and into the blood again is lacking. It 
appears possible that the direct reaction for bilirubin in blood may be 
due to the retention of some other substance in addition to the bilirubin 
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in the blood in obstructive jaundice. Accordingly, we attempted to 
cause the accumulation of bilirubin in the blood, some of which may 
have passed through the hepatic cells, and part of which could not have 
done so. If the liver were adding some other substance to the blood 
to produce the direct reaction, it seems unlikely that this substance 
would be identical in amount with the bile pigment added. 

In these experiments obstructive jaundice was produced by double 
ligature, section of the common bile duct and removal of the gallbladder 
with aseptic technic and ether anesthesia. In some experiments the 


anesthesia was continued for an hour, at which time complete removal 
of the liver was accomplished by a method previously described. The 
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Curves showing increases of indirect-reacting serum bilirubin following removal 
of the liver and the lack of change in the direct-reacting serum bilirubin present 
at the time of hepatectomy because of previous biliary obstruction. Time is 
counted in hours from the moment of ligation of the common bile duct and extirpa- 
tion of the gallbladder. Indirect-reacting serum bilirubin is represented in milli- 
grams per hundred cubic centimeters of blood by the solid line and direct-reacting 
serum bilirubin by the broken line. In animals 164 and L15, the liver was removed 
six hours after ligation of the common bile duct. In animal J9, hepatectomy was 
performed ninety minutes after biliary obstruction. 





animal was allowed to recover from the anesthetic, and dextrose was 
administered intravenously at hourly intervals in amounts sufficient to 
maintain an approximately normal level of sugar in the blood. Blood 
was withdrawn by direct venipuncture at hourly intervals throughout 
the course of the experiments, and estimations of serum bilirubin were 





BOLLMAN-MANN—PHYSIOLOGY OF LIVER 679 


made by the quantitative method, both direct and indirect van den Bergh 
tests. In other experiments ligation of the common bile duct was 
accomplished and the animal was allowed to recover from the anes- 
thetic for six hours; then hepatectomy was performed under ether 
anesthesia, with subsequent recovery and administration of dextrose. 
The results of these experiments were conclusive with respect to 
the relation of the liver to the nature of the van den Bergh reaction in 
the blood. Within a short time after ligation of the common bile duct 
and extirpation of the gallbladder, the direct reaction showed the same 
amount of bilirubin present as the indirect reaction, and both increased 
with the time after operation. Subsequent hepatectomy, regardless of 
the level of serum bilirubin, was followed by a continued rise in the 
indirect-reacting serum bilirubin, but the direct-reacting bilirubin remained 
at the same value it had reached because of the biliary obstruction, and 
no increase occurred in this direct-reacting bile pigment. The removal 
of the liver a short time after ligation of the common bile duct or 
several hours later, the direct-reacting serum bilirubin being present 
in traces or in fairly large amounts, gave identical results. There were 
no exceptions to this observation; although certain variations occurred 
in different animals, these variations did not influence the nature of 


the van den Bergh reaction. The rate of accumulation of bile pigment 
in the blood proceeds uniformly for several hours after ligation of the 
common bile duct in any given animal, but this rate may be markedly 


different in other animals. In a few animals a definite decrease of 
the serum bilirubin occurred following the administration of the anes- 
thetic (ether) for the second operation. When this occurred, the total 
bilirubin content of the serum was found to be decreased so that the 
relationship of the direct-reacting to the indirect-reacting pigment was 
not disturbed. 

That the bile pigment that accumulates in the blood following 
biliary obstruction passes from the blood probably through the hepatic 
cells into the lymph and also probably directly into the blood may be 
illustrated by the following experiment: Under ether anesthesia the 
thoracic duct of a dog was exposed, a cannula was inserted, and the 
cystic duct and common bile duct were ligated. In less than fifteen 
minutes the lymph from the thoracic duct, which had previously been 
colorless, became definitely yellow, and within thirty minutes a definite 
direct van den Bergh reaction was obtained. Not until two hours after 
ligation did the serum in this animal show a yellow tinge, and a positive 
direct reaction was not obtained until three hours had elapsed. At this 
time the bilirubin concentration was 0.8 mg. per hundred cubic centi- 
meters and the reaction was direct in the lymph; there was a trace only 
of bilirubin in the blood. After five hours the blood had 0.1 mg. of 
bilirubin per hundred cubic centimeters, and the reaction was direct; 
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the lymph had 0.4 mg., and the reaction was direct. This experiment, 
however, should not be taken as proof that all the bilirubin of the 
blood, after obstruction of the biliary outflow, has passed through 
the lymphatics. In five hours less than 100 cc. of lymph represented the 
entire flow from the thoracic duct, and the bile pigment could be much 
more concentrated than in the volumes of blood that had passed through 
the liver during the same period. 

The total blood volume of the animal was more than 1,600 cc., and 
the entire amount of bile pigment removed in the lymph during the 
period of the experiment could be added to this volume of blood with- 
out giving more than a trace when tested. Since the blood contained 
more than a trace of bilirubin, it is obvious that some direct-reacting 
bilirubin had been added to the blood. 

It should also be noted that the conversion of the indirect-reacting 
bilirubin of the blood to the direct-reacting bilirubin is not specific for 
the liver, since the kidney of the dog is able to excrete urine containing 
direct-reacting bile pigment when only the indirect-reacting pigment is 
present in the blood after hepatectomy. 


SUMMARY 

The serum bilirubin that gives the prompt direct van den bergh 
reaction following ligation of the common bile duct of animals is 
unaltered by subsequent complete removal of the liver. The bile pig- 
ment that continues to accumulate in the blood following removal of the 
liver gives only the indirect van den Bergh reaction and is not altered 
by the presence of direct-reacting bilirubin in the blood. For this reason 
bilirubin of the blood that does not give the direct van den Bergh reac- 
tion may be considered to be of extrahepatic origin and as not having 
passed through hepatic cells. The direct reaction of bile pigment in 
the blood is evidence of the reabsorption of bilirubin from hepatic cells 
and is not dependent on the original site of formation of bilirubin. The 
liver appears to be actively concerned in the withdrawal of bilirubin that 
gives only the indirect reaction from the blood, and in the conversion of 
this complex bilirubin to the simple bilirubin that gives the direct van 
den Bergh reaction. 
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Transphrenic spread of disease has received scant attention in the 
literature. Beye’! reported ten cases of transphrenic spread of infec- 
tion. In nine cases, the extension was from a secondary subphrenic 
abscess to the thorax, and in seven of these there was a spontaneous or 
operative defect in the diaphragm. In the tenth case, the spread was 
from the thorax to the abdomen. In Beye’s opinion, the primary lesion 
began in the appendix four times, in peptic ulcers four times, as a 
perinephric abscess once, and as acute empyema once. He concluded 
that extension upward from a subphrenic abscess is not uncommon, 
but that extension downward from empyema is infrequent. This 
extension of infection through the diaphragm is sufficiently common 
to be mentioned in a number of standard textbooks as a complication 
of empyema and subphrenic abscess. Pratt,? quoting Robson and 
Moynihan, mentioned the finding of fat necroses in the pericardium in 
a case of acute hemorrhagic pancreatitis. Little prominence has been 
given to the transphrenic spread of tuberculosis and cancer, probably 
because of the frequency with which these diseases are widely dis- 
seminated. 


In the 160 consecutive autopsies performed at the University of 
Virginia Hospital during the year ending July 1, 1931, transphrenic 
spread of disease occurred six times, an incidence of 3.75 per cent. 
Three of the cases were consecutive. The transphrenic spread occurred 
as a complication of the following conditions in the order of presenta- 


tion: (1) peritonitis and subphrenic abscess following intussusception ; 
(2) 


subphrenic abscesses following perforation of a gastric ulcer; 
(3) generalized tuberculous peritonitis with marked subphrenic involve- 
ment; (4) acute hemorrhagic pancreatitis; (5) primary carcinoma of 
the head of the pancreas with spread to the under surface of the 
diaphragm ; (6) type I pneumococcus pericarditis and bilateral empyema. 


* Submitted for publication, July 13, 1931. 

*From the Department of Pathology, University of Virginia Medical School. 
1. Beye, H. L.: Transphrenic Infection, Arch. Surg. 14:240 (Jan.) 1927. 

2. Pratt, J. H.: Diseases of the Pancreas, Oxford System of Medicine, New 
York, Oxford University Press, 1920, vol. 3, p. 492. 
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The pathways by which disease may extend through the diaphragm 
and the probable location of resulting secondary lesions may be antici- 
pated with some degree of accuracy since the work of Lemon, Higgins 
and Graham,* who studied, in dogs, the lymphatic circulation of the 
diaphragm by means of intraperitoneal, intrapleural and intrapericardial 
injections of finely particulate graphite suspensions. They concluded 
in part: 


1. Particulate matter injected into the peritoneum is taken up diffusely on the 
under surface of the diaphragm and appears in the rich subpleural plexus of lymph- 
atic vessels in from three to five minutes. 


2. From this subpleural plexus the following five main channels carry the par- 
ticulate matter through the thoracic or retroperitoneal lymphatics into the blood 
stream, in from thirty to ninety minutes: 

(a) Eighty per cent is carried by the so-called sternal route from sternal, costal 
and lumbar portions of the diaphragm to the parasternal lymph nodes in the second 
interspace by way of three or four channels which parallel the internal mammary 
vessels. 

(b) Next in importance is the pulmonary route, which arises from more central 
portions of the diaphragm and drains into the paratracheal and parabronchial nodes 
by way of channels along the phrenic nerves (between the pericardium and pleura), 
esophagus and pulmonary mesentery. 

Efferent trunks from the sternal, paratracheal, and parabronchial nodes empty 
directly or indirectly into the right lymphatic or the thoracic ducts near their 
venous confluences. 

(c) A third and less important route arises from the vault and posterior por- 
tions of the diaphragm and courses cephalad along the posterior thoracic wall into 
the thoracic duct at various levels. 

(d) Vessels comprising the fourth and fifth routes also arise from the vault 
and posterior parts of the diaphragm, but they then head downward through the 
diaphragm into the perirenal and peripancreatic nodes, respectively, both of which 
drain into the receptaculum chyli. 

3. There is a vessel on each side which arises in and descends down the posterior 
thoracic wall to the perirenal nodes which sometimes receives tributaries from those 
portions of the diaphragm (2d) which give rise to the fourth and fifth routes. 

4. Injections of particulate matter into the pleura were followed by its appear- 
ance in the perirenal nodes, probably by absorption into the posterior descending 
thoracic trunks. There was no evidence of absorption into the diaphragmatic or 
visceral pleura. (Their studies of intrapleural and intrapericardial injections, how- 
ever, were not complete. ) 


5. The lymphatics on the right side are larger and carry a larger proportion of 
particulate matter than those on the left. 


6. Paralysis of the diaphragm interferes with the speed of transmission from 
the peritoneum to the blood stream through the diaphragm. 


3. Lemon, W. S., and Higgins, G. M.: Lymphatic Absorption of Particulate 
Matter Through Normal and Paralyzed Diaphragm: Experimental Study, Am. J. 
M. Sc. 178:536 (Oct.) 1929. Higgins, G. M., and Graham, A. S.: Absorption 
from Peritoneal Cavity, with Especial Reference to Diaphragm, Proc. Staff Meet., 
Mayo Clin. 4:9 (Jan. 9) 1929. 
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REPORT OF CASES 


Case 1—History.—The patient, M. C., a white girl, 13 years old, on admis- 
sion to the hospital had intestinal obstruction of five days’ duration. Operation 
disclosed a Meckel’s diverticulum that had intussuscepted into the ileum, several 
perforations of the intestine and generalized peritonitis. Rales were reported in 
the base of the left lung six days after operation. They did not persist. The 
patient died three weeks after operation. 

Autopsy.—Autopsy disclosed generalized peritonitis with subdiaphragmatic 
abscess in the region of the left lobe of the liver, the stomach, the spleen and the left 
half of the transverse colon. The base of the left lung was adherent to the 
diaphragm by a thick fibrinopurulent exudate. There was no gross defect in the 
diaphragm. There was an eroding substernal abscess about 2 cm. in diameter at 
the level of the third ribs. Other findings were not revelant. 


The primary lesion was an intussusception, which led to generalized 
peritonitis and subphrenic abscess. From this there was, apparently, 
direct lymphatic transphrenic spread of the purulent infection to the left 
diaphragmatic and visceral pleura and further lymphatic spread by the 
sternal route to the substernal glands, which became abscessed. 


Case 2.—History.—The patient, C. D., a white man, aged 48, was stupor- 
ous when admitted to the hospital. He had been ill for two months with increasing 
nausea, vomiting, loss of weight and strength, fever and the frequent passage of 
tarry stools. He was given infusions and transfusions in an effort to prepare him 
for operation. Sixteen and eighteen days, respectively, after admission 750 and 
150 cc. of sterile, slightly cloudy fluid containing many polymorphonuclears were 
aspirated from the right pleural cavity. Four days later, a diagnosis of subphrenic 
abscess following perforated peptic ulcer was made, after pus was aspirated from 
the sixth right interspace. Operation, performed an hour later, showed the visceral 
and parietal pleura adherent over a large subphrenic abscess, which was drained. 
The patient had profuse intestinal hemorrhages on the fourth, fifth and sixth days 
after operation and died. 


Autopsy —A large gastric ulcer, with a freshly thrombosed artery projecting from 
the crater and numerous friable perigastric adhesions, was adherent to the anterior 
edge of the liver, straddling the suspensory ligament. Adherent nearby structures 
had walled off a subphrenic abscess on each side of the suspensory ligament. The 
abscess on the right had been drained. The one on the left had not been entered. 
The intestine was filled with old blood. There was diffuse cellulitis of the dia- 
phragm, which, however, was intact, save for the operative drainage tract. 

The base of the right lung was adherent. There were two separate empyema 
sacs in the right pleural space. One was just above the transpleural drainage tract, 
the other was at the extreme apex. The right tracheobronchial lymph glands were 
enlarged and acutely inflamed. The pericardium, which was adherent to the right 


lung, contained about 200 cc. of slightly cloudy fluid. Other findings were of no 
interest. 


A bleeding and perforated gastric ulcer caused two separate sub- 
phrenic abscesses, from which there was apparently direct lymphatic 
transphrenic spread to the right diaphragmatic pleura, with subsequent 
empyema formation. There was, perhaps, further lymphatic spread 
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tracheobronchial lymph glands, with consequent pleuropericardial 
adhesions and pericardial fluid. It is possible that the pneumonia in 
the middle lobe was the cause of the enlargement of these glands, and 
that an extension of the empyema caused the pericardial adhesions 
and fluid. As twelve days elapsed between the discovery of polymor- 


by the pulmonary route between the pleura and pericardium to the right 


phonuclears in the chest fluid and the finding of a small area of gray 
pneumonia at autopsy, it is unlikely that either of the two empyema 
sacs followed the pneumonia. 


Case 3.—History.—The patient, C. M., a colored woman, aged 28, married, 
was admitted to the hospital with tuberculous peritonitis of about five months’ 
duration. There was no evidence of pulmonary or pleural involvement. An explora- 
tory laparotomy was performed and both tubes removed, because they seemed to be 
the primary focus of the generalized tuberculous peritonitis. The patient survived 
the operation seventeen days. 

Autopsy.—Autopsy revealed diffuse tuberculous peritonitis with multiple tuber- 
cles, heavy fibrinous adhesions between all abdominal viscera, about 1,000 cc. of 
slightly turbid fluid and a large collection of fibrinous exudate between the dia- 
phragm and the liver. There was diffuse tuberculous endometritis. There was 
early miliary tuberculosis of both layers of the right pleura, with about 1,000 cc. 
of nearly elear straw-colored fluid. There were a few discrete tubercles on the 
left diaphragmatic pleura. There was no evidence of pulmonary or tracheobronchial 
glandular tuberculosis. Other findings were irrelevant. 


Primary tuberculosis of the pelvic viscera was followed by sub- 
phrenic tuberculosis, which apparently spread through the lymphatics 
across the diaphragm to both pleural surfaces. Quantitatively, the 
transphrenic spread was much greater on the right side than on the left. 
There was no evidence of tuberculosis in the lungs or in the tracheo- 
bronchial glands. 


Case 4.—History.—The patient, P. H., a white man, aged 40, was admitted 
to the hospital with severe generalized abdominal pain and distention of three 
days’ duration. He had previously had several attacks of abdominal pain which 
had been attributed to gallbladder disease. A diagnosis of peritonitis was made, 
but the patient was thought to be too ill to stand immediate operation. He died a 
few hours after admission. 

Autopsy.—Autopsy revealed acute diffuse serosanguinofibrinous peritonitis with 
multiple fat necroses, more abundant in the omentum and mesentery, and marked 
acute hemorrhagic pancreatitis and peripancreatitis. The gallbladder was of th 
strawberry type and contained a single cholesterol stone. There was no evidencé 
of obstruction in the common bile or pancreatic ducts. There were a few areas of 
fat necrosis on the pleural surface of the left vault of the diaphragm. Other find- 
ings were not interesting. 


This is a case of transphrenic spread of pancreatic ferments with 
fat necroses in the left diaphragmatic pleura following acute hemor- 
rhagic pancreatitis. 
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Case 5.—History—The patient, C. B., a white widow, aged 71, was admit- 
ed to the hospital with ascites and signs of fluid in the left pleural cavity. Explora- 
tion confirmed the preoperative diagnosis of generalized abdominal carcinomatosis. 
The primary focus was not determined. The patient died three days after operation, 
with symptoms of acute intestinal obstruction. 

Autopsy.—Autopsy disclosed extensive generalized abdominal carcinomatosis 
with ascites. There were two metastases in the left lobe of the liver. The left 
peritoneal surface of the diaphragm was covered with cancer nodules. The primary 
cancer was in the head of the pancreas. 

The left parietal pleura was studded with metastases, which were more numerous 
over the diaphragm. There was an exudate of about 1,000 cc. of clear fluid. There 
were a few metastases in the parietal pericardium and a slight increase in peri- 
cardial fluid. No other metastases were found. 


In this case primary carcinoma in the head of the pancreas gave rise 
to metastases on the left peritoneal surface of the diaphragm. 
Apparently, there was then a direct transphrenic lymphatic spread of 
carcinoma, with secondary carcinomatosis of the left parietal pleura 
and the parietal pericardium. It is possible that some of the peri- 
cardial metastases were carried by the pulmonary route between the 
parietal pericardium and the pleura. There was no evidence of 
metastases to the tracheobronchial glands or to the parenchyma of the 
lungs. 


Case 6.—History—The patient, H. W. F., a white man, aged 37, was 
admitted to the hospital almost moribund with acute congestive failure and fever. 
He had been well, except for occasional attacks of asthma until he contracted an 
acute respiratory infection nineteen days before admission. Fever and asthma lasted 
ior four or five days. In the next two weeks there were several short attacks of 
orthopnea and dyspnea followed by edema of the extremities. Soon after admis- 
sion, the patient was found to have pulsus paradoxus. Type I pneumococcus pus 
was aspirated from the right pleura and the pericardium. Culture of the blood 
gave positive results for type I pneumococcus. There were also signs of fluid in 
the left pleural space. Pericardiostomy was done and about 1,000 cc. of pus was 
evacuated. The empyema pocket on the right side was aspirated several times. 
The patient died two days after operation. 

Autopsy.—Autopsy disclosed bilateral posterior basal empyema, acute purulent 
pericarditis with surgical drainage, acute diffuse mediastinitis with small abscesses 
at the upper anterior pericardial reflection and in the fourth left interspace near 
the sternum, and acutely inflamed right parabronchial glands. There was an area 

[ gray pneumonia in the upper lobe of the left lung. The left empyema sac 
ippeared to be the result of direct extension from the pericardium. Microscopically, 
the lung showed red, gray, resolving, unresolved and organizing pneumonia. There 
were four or five pea-sized abscesses around the tail of the pancreas. There were 
several small infarcts in the upper pole of the left kidney with multiple microscopic 
venous thrombi. There was no other evidence of infection. 


This case is included, in spite of the pneumococcus septicemia and 
the multiple infarcts in the left kidney, because the abscesses around the 
tail of the pancreas seem to illustrate transphrenic spread of infection 
from the pleura by the posterior thoracic vessels which anastomose 
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with those of the fifth route, which in turn lead from the posterior 
thoracic surface of the diaphragm to the peripancreatic nodes. Or, 
perhaps, the infection invaded directly those vessels of the fifth route 
that arise beneath the diaphragmatic pericardium. 


SUMMARY 

Six cases of transphrenic spread of disease are presented. In 
only one case (case 6), did the process originate above the diaphragm. 
In each of the other cases the primary lesion was in the abdomen, and 
transphrenic spread occurred directly from the under surface of the 
diaphragm, which was secondarily involved by cancer once (case 5), 
by acute hemorrhagic pancreatitis once (case 4), by tuberculosis once 
(case 3) and by pyogenic infections twice (cases 1 and 2). 

The spread was from the left subphrenic region to the left pleura in 
three cases, from the right subphrenic region to the right pleura in one 
case, from the right subphrenic region to both pleurae in one case and 
from both pleurae and the pericardium to the region of the tail of the 
pancreas in one case. In one case (case 3), the spread seemed to be 
quantitatively much greater on the right than on the left. This is in 
accord with the experimental data (conclusion 5). Oddly enough, in 
half of this group of cases the transphrenic spread occurred only on 
the left. 

Of the five pathways described by Lemon, Higgins, and Graham * by 
which lymph drains from the diaphragm, the sternal route was apparently 
illustrated once, the pulmonary route twice, and the fifth route, leading 
to the peripancreatic region, once. Simple spread from peritoneum to 
pleura occurred five times. 

It seems desirable to be mindful of the probability of transphrenic 
spread of intrathoracic or intra-abdominal disease. In order to antici- 
pate some of the seemingly bizarre locations of the secondary trans- 


phrenic lesions, it is necessary to know the various routes by which 
materials reaching the rich diaphragmatic lymphatic plexus are trans- 
ported to the blood stream. 
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BLADDER 


Tumors.—Cunningham *! stated that the growth of neoplasms of the 
bladder, either benign or malignant, although variable, may be quite 
rapid; he cited 2 highly malignant cases in which the neoplasms attained 
considerable size, one within nine weeks and the other within six months. 

In a consideration of whether misbehaved cells of the bladder which 
produce benign tumors may subsequently become malignantly active, 
umpus stated that this change was never observed at the Mayo Clinic, 
and both Cunningham and Bumpus believe that tumors of the bladder 
are either benign or malignant from their inception. The disagreement 
on this subject is substantiated by much evidence. Ewing stated that 
recurrence of benign tumor usually represents development of new 
growths from preexisting lesions and such recurrence is not an implanta- 
tion of the old growth. Recurrent malignant tumors are more likely to 
he the result of retained cell groups in the submucosa. Nevertheless, 
recurrence of benign tumors is common, and occasionally malignant 
tumors are discovered in bladders in which benign tumors have been 
present. In the examination at necropsy of 132 cases of malignant 
tumor of the bladder at the Mayo Clinic, metastasis was found in 40 
30.3 per cent). Geraghty found metastasis at necropsy in 68 (32.2 per 
cent) of 219 cases of carcinoma of the bladder at Johns Hopkins Hos- 
pital. Of a total of 411 cases of malignant tumors of the bladder 
reviewed from various sources, necropsy revealed gross metastasis in 133 
32.36 per cent). 


21. Cunningham, J. H.: Tumors of the Bladder, J. Urol. 25:559 (June) 1931. 
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Cunningham considered the report on the treatment for benign papil- 
loma by Watson and Cunningham published in 1910. In 287 cases 
suprapubic operation was carried out by heat, cauterization and snaring 
and curetting, with an operative mortality of 10 per cent. Recurrence 
following suprapubic operation took place in 20.4 per cent within three 
years, and the known recurrences after three years was under 20 per 
cent. Beer reported 33 cases of benign papilloma treated suprapubically 
by the latest approved operative technic, with a mortality of 12 and 15 
per cent, and a recurrence in eight years. Fulguration of benign tumors 
through the cystoscope by Beer’s method shows the progress made in the 
treatment of these lesions. In 158 cases reported by Beer there was 
only one death, the result of bacteremia. Ninety-eight patients were 
pronounced cured by repeated cystoscopic examinations, and 23 had 
recurrences. Some of the recurrences did not become apparent until nine 
years after the destruction of the original growth. In Cunningham’s 
series of 46 cases there was no mortality and eleven recurrences. Nine 
of the recurrent growths were benign; all of them responded to further 
cystoscopic treatinent. 

Twenty years ago, Watson and Cunningham reported an analysis of 
279 cases of carcinoma of the bladder. There was an operative mor- 
tality by the suprapubic operation, not resection, in 35 per cent, and 
recurrence within three years in 65 per cent. The treatment included 
the use of the galvanocautery snare in special instruments, curetting and 
the application of the cautery in a manner similar to that often used at 
present, and resection and total extirpation of the bladder. Data obtained 
with regard to destruction of malignant tumors suprapubically by newer 
methods, as well as those formerly used, do not differ greatly as to 
mortality and recurrences. In their series of 38 patients with malignant 
papilloma and infiltrating carcinoma treated suprapubically by cauteriza- 
tion and diathermy, with or without associated radiation, 6 died in the 
hospital (15.78 per cent), and 26 died within two years, a total mortality 
of 83.2 per cent. There has been no marked advance in the treatment 
of these patients in the last twenty years by the suprapubic method, with 
the employment of heat. Watson and Cunningham reported a mortality 
of 35 per cent and recurrence within three years of 65 per cent. Young 
recently reported a mortality from recurrence of 60 per cent. Cunning- 
ham’s latest data showed that 83.21 per cent of patients were dead at the 
end of two years. Cunningham has found that resection offers the best 
opportunity for cure. 


In Watson’s and Cunningham’s cases of malignant growths there 
were recurrences in 56.1 per cent. 


In Beer’s cases of malignant papil- 
loma there were recurrences in 25 per cent, and in the infiltrating type 
in 43 per.cent; with both combined the recurrences were in 34 per cent. 
Young reported recurrences in 59.25 per cent and Cunningham in 69.23 
per cent. 
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Barringer made valuable contributions to the subject of radium 
\anations implanted into the growths by the suprapubic route and 
through the cystoscope. Suprapubic operations were done for the 
mplantation of radium in 90 of 94 cases, with 3 deaths (3.18 per cent). 
In the cases of papillary carcinoma there were 20 patients; 11 (55 per 
cent) remained free from carcinoma for more than five years. In the 
51 cases of infiltrating carcinoma, 12 patients (23.5 per cent) had 
remained free from the disease for more than five years. Beer employed 
radium emanations suprapubically by Barringer’s method in 31 cases of 
infiltrating carcinoma. Eleven patients (35.4 per cent) died; these 
deaths constituted the highest mortality in his experience despite the 
claim to the contrary. 

Diathermy as done at present has rarely proved curative, or accom- 
plished much more than heat applied by the methods in use twenty years 
ago. Theoretically it is better, and further development may improve its 
efficiency. At present its value seems to be more as an improved means 
of destroying growths to be resected, prior to employing radium, and for 
destroying sloughing, bleeding tumors rather than as a curative measure. 
The application of roentgen rays as a possible, helpful adjunct prior to 
operation, as a means of influencing bleeding and as a postoperative 
procedure, may have some value, but there is no evidence of its success 
as a curative measure. 

It is Cunningham's opinion that cystectomy is an ideal procedure 
and will long remain a surgical novelty. Uretero-enterostomy and 
nephrostomy as procedures to deviate the flow of urine from the dis- 
eased bladder, but without cystectomy, seem to him to be unnecessary. 

Fey and Bompart ** considered the technic of total cystectomy for 
carcinoma of the bladder. The mortality in approximately 80 published 
cases was 50 per cent. These cases are isolated, operative technic was 
varied and usually the lesions were advanced carcinoma for which other 
treatment had failed. ‘The mortality is much more severe than occurs 
when the operation is performed in selected cases with regular technic. 

The first question considered is the disposition of the ureters. 
Ureterostomy is a serious operation, but is desirable when infection is 
present. If the ureters are normal, not dilated or turned out, and have 
normal peristaltic movements, the results are usually good. If they are 


dilated, sclerotic or paralyzed, ascending pyelonephritis commonly occurs 
with fatal result. A two-stage operation, that is, bilateral simple cutane- 
ous ureterostomy and later cystectomy, is preferable. Ureterostomy 
is performed through bilateral inguinal incisions. Later a transverse 


22. Fey, B., and Bompart, Henri: Technique de la cystectomie totale pour 
incer de la vessie, J. de chir. 37:496 (April) 1931. 
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incision is made several centimeters above the pubic bone. The bladder 
is freed from the surrounding tissues; the peritoneum is stripped back 


and opened, and then closed after the manner of Beer and Judd, so as 
to leave the bladder entirely extraperitoneal. The bladder is then 
delivered into the incision. By traction on the bladder, the various liga 


ments and blood vessels are seen, clamped, cut and tied. The prostate 
gland is usually covered with the bladder, the urethra being cut at the 
hase of the gland. Statistics concerning results are not published. 


| kp. Note.—Theoretically, total cystectomy would seem to be the 
ideal treatment for malignant lesions of the bladder. Such tumors tend 
to metastasize slowly, but their recurrence in situ regardless of the 
method of removal is common knowledge. As Fey and Bompart empha- 
size, disposition of the ureters is the greatest obstacle to be overcome in 
making total cystectomy a practical procedure. It may be hoped that 
further development of transplantation of the ureters into the intestinal 
tract, as is now being practiced in a fair number of cases with success, 
may ultimately make total removal of the bladder and of the prostate 
gland feasible in dealing with neoplasms of these organs. | 

LaRoque ** described a method of securing complete exposure of the 
entire bladder in operations for tumor. The patient is placed in the 
Trendelenburg position and spinal anesthesia is used. The skin, muscle 
and fascia are divided in a transverse direction. The linea alba is divided 
to a point an inch or two above the transverse incision through the fascia, 
and the rectus abdominis and pyramidalis muscles are separated by 
retractors. No attempt should be made to separate the peritoneum at 
its point of attachment to the bladder on account of the possibility of 
tearing the peritoneum. The peritoneal cavity is opened in the trans- 
verse direction. With the bladder caught at its top by forceps and pulled 
upward, another incision is made through the peritoneal covering of the 
bladder at a point about 5 cm. below its highest attachment. The peri- 
toneum, except at the vertex, can be brushed down so that the entire 
bladder down to the rectum is free of peritoneal covering, and the 
ureters and large vessels are brought into view. When this is done, the 
bladder is held up, and the peritoneal cavity is closed. A gauze sheet is 
then placed over the line of sutures into the large space made by 
enucleation of the bladder to protect the line of sutures and cellular 
tissue against contamination. The bladder is opened at the uppermost 
portion, and a thorough inspection of the entire interior is made. A 
wide area of bladder surrounding the tumor in all directions is clamped 
off, and with an electrosurgical cutting instrument, an area is excised 


23. LaRoque, G. P.: Operation for Tumors of the Bladder, Surg., Gynec. & 


Obst. 53:205 (Aug.) 1931. 
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vith a coagulating current, and each edge is touched in other situations. 
\ small, right-angled suprapubic drain is placed in the bladder, and the 
bladder is closed snugly about it. 

MacDonald ** classified growths of the bladder as “probably benign,” 
“certainly malignant” and “doubtful.” The treatment for those cer- 
tainly malignant should be wide resection. The surface is first cauter- 
ized, and then actual incision done with the endothermy knife. The 
ureter is resected and transplanted if the orifice is involved. 

Tumors of doubtful classification present the greatest problem of 
treatment. In 55 cases of this type, 20 proved to be malignant. In the 
35 cases which were benign and in which resection was done, the ureter 
was transplanted in 10 instances without postoperative mortality. In all 
doubtful cases it is better to subject the patient to unnecessary operation 
than to palliative operation with diathermy and radium, thereby losing 
valuable time in cases of malignancy. 

Resection was done in 44 cases of the certainly malignant group. 
The immediate mortality was 13 per cent; 13 deaths resulted from 
recurrences, 2 from other causes, and 9 patients were not traced, leaving 
14 (31 per cent) alive and considered cured if the three year standard 
is adopted. This limit is considered as too short for an accurate esti- 
mation of cures. One of the 14 patients had recurrence seven years 
after the operation, and another nine years afterward. The lower part 
of the ureter was resected and transplanted into the bladder in 20 of 
the 44 cases. This procedure increases the operative risk when there 
is infection of the bladder, but there was no mortality in benign cases 
without infection. 

Kighty-five (60 per cent) of the definitely malignant tumors were 
inoperable. 

Kidd *° analyzed a series of 32 cases of tumor of the bladder in 
which diathermy and radon seeds were used. The reasons for selecting 
the cases were refusal of extensive operation ; unsuitable situations of the 
tumors for partial cystectomy ; the possibility that radon would shorten 
diathermy and make it more secure in cases of pedicled and malignant 
tumors, and the hope that cystotomy and implantation of radon might 
prove less difficult and dangerous than partial cystectomy for sessile 
tumors. 

For early favorable cases of pedicled tumors or for small early 
malignant ulcers, destruction was effected with a diathermy cystoscope. 
In more advanced cases with a large, broad-pedicled tumor, suprapubic 
cystotomy was performed. <A large bore porcelain caisson is put into 


24. MacDonald, S. G.: The Results of Partial Resection of the Bladder for 
Carcinoma, Proc. Roy. Soc. Med. 24:69 (Nov.) 1930. 

25. Kidd, Frank: Treatment of Bladder Tumours by Radon, Brit. M. J. 2:949 
(Dec. 6) 1930. 
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the bladder over the growth, following which a diathermy snare is used 
and the tumor removed, leaving a charred ulcer. In more extensiv 
cases of malignant sessile tumors the bladder is opened widely, the sur 
face of the tumor is treated with flat button diathermy and the edges 
of the tumor are surrounded with a ring of threaded radon seeds at 
appropriate intervals. 

Kidd divided his results into three groups: In the first group are 13 
cases of malignant tumor with thick pedicles, bald and without fimbria. 
Eight patients were treated cystoscopically ; 2 aged more than 80 years 
died, and 5 were living and well without recurrence from two to seven 
vears after treatment. Five patients were treated with cystotomy and 
the diathermy snare with implantation of radon; all were living and well 
from two to five vears afterward. Radon was apparently most suc- 
cessful in this group. Although the diathermy may have been sufficient 
to cure, the use of radon seeds gave additional security against recur- 
rence. In the second group are 14 cases of small, early, malignant 
sessile tumor, without pedicles, some papillary and some ulcerous, but all 
infiltrating. Four patients were treated by diathermy and radon cysto- 
scopically ; 3 are living and well from four months to seven and a hali 
years after treatment. One patient died within four months of pyelitis 
and uremia. Nine patients were treated by cystotomy, diathermy and 
radon implantation; 6 died. Of the 14 patients treated, 6 survived 
operation. Eight died, 2 as a direct result of the treatment, 4 from 
rapid internal recurrence apparently induced by radon, and 2 from late 
internal recurrence. In only 6 of the 14 cases was the use of radon 
successful. It is in this diffuse type of growth that radon is not so 
likely to influence the growth. In the third group were 5 cases of 
malignant sessile tumor. Four patients died and 1 patient is alive, but 
recurrence is likely to develop. 

Kidd stated that the hypothetic advantages for the use of radon in 
the bladder are that it may produce local destruction of neoplastic tissue 
with less mutilation than is possible by resection; it may produce 
fibrosis and shrinkage around the edge of the growth; it may produce 
obliterating endarteritis in the vessels supplying the growth, and thus 
stop bleeding and cause death of the center of the growth; it may 
sometimes render an inoperable growth operable, or it may occasionally 
produce unusual cure. 


The disadvantages and dangers of radon are that it produces only 
local destruction of growth and cannot destroy distant extensions and 
metastatic growths; it is likely to produce painful burns, sepsis, slough- 
ing, septicemia and pulmonary complications; it has a definite operative 
mortality which is as high as that of any other method, even of resection, 
and it may even stimulate a growth. 
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White °° reported a case of fibromyoma of the bladder of a child 
aged 7 years. The tumor was successfully removed surgically. 

Malignant tumors of the bladder of infants usually do not run a 
course of more than five months, whereas benign tumors, including 
fibromyomas, may run a considerably longer course. The significance 
of benign tumors of the bladder is in their situation: If high and on 
the posterior wall, they may not cause marked symptoms, or if they 
are in the region of the neck or trigone, especially if furnished with a 
long pedicle, they may interfere with urination by plugging the vesical 
orifice. The treatment for these benign tumors is essentially surgical, 
and the prognosis, both as regards recurrence and life, is favorable 
provided excision is thorough and the base of the tumor is fulgurated. 

Kretschmer ** stated that mesothelial tumors, both benign and malig- 
nant, are rare and form a small percentage of tumors of the bladder. 
He reported in detail the case of a girl, aged 19, in which resection of 
the bladder was performed successfully for leiomyoma. 

Forty-seven authenticated cases of vesical myoma, excluding 
Kretschmer’s case, are reported in the literature. It is generally stated 
that 90 per cent of all neoplasms of the bladder are epithelial in origin, 
and the remaining 10 per cent are mesothelial or embryonic. One 
patient was aged less than 20 vears; 7 were between 20 and 30, 8 were 
between 30 and 40, 9 were between 40 and 50, 11 were between 50 and 
60, and 5 were more than 60; in 6 cases the age was not stated. The 
tumors occur with about equal frequency among both sexes. 


Myomas of the bladder may not cause symptoms, as revealed by the 
fact that in a number of cases the lesion was found incidentally at 
necropsy. If the tumor is intramural or subserous, its development 
progresses until symptoms of pressure resembling those of any 
abdominal or pelvic growth are noted. In a number of cases there was 
a palpable abdominal tumor. When the tumor is submucous, vesical 
symptoms occur. In case the tumor encroaches on the ureteral orifice, 
symptoms of obstruction may result before it becomes large. Complete 
retention developed in several cases. 

Surgical treatment was carried out in 40 cases. In Saturski’s case 
the pedicle of a submucous tumor was sectioned by cautery, and almost 
immediately pains resembling labor pains occurred, and the tumor was 
expelled through the dilated urethra. In 7 cases in which surgical treat- 


ment was not carried out, the tumor was discovered at necropsy. 


26. White, E. W.: A Very Rare Bladder Tumor (Fibromyoma) in a Child, 
. Urol. 26:253 (Aug.) 1931. 

27. Kretschmer, H. L.: Leiomyoma of the Bladder with Report of a Case and 
a Review of the Literature, J. Urol. 26:575 (Oct.) 1931. 
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Stone.—Noble ** compared the results of the analysis of 200 cases of 
vesical calculi at Siriraj Hospital, Bangkok, during the last three years 
with those of India and China and with the disease as seen in Europe 
at the present time and one hundred years ago. Of the 200 patients, 
196 were males and 4 were females; almost 50 per cent of the patients 
were aged between 20 and 50 years. In Siam, stone in the bladder occurs 
most frequently in the first decade of life, and its frequency diminishes 
toward adult life and old age. In the Orient, it is a disease of childhood 
and adolescence ; in Europe, it is a disease of late middle and advanced 
life. The statistics of Civale in France and Yelloly in England of a 
hundred years ago show that stone in the bladder at that time was a 
disease of childhood; with improved conditions of laborers in those 
countries, stone in the bladder among children has gradually disappeared. 

Chemical analysis is necessary in most cases to determine the true 
composition of vesical calculi. Newcombe and Ranganathan examined 
221 vesical stones collected from the various provinces in India and gave 
as the approximate composition of the average vesical calculus the fol- 
lowing: calcium oxalate, 24.9 per cent; calcium phosphate, 7.4 per cent; 
magnesium ammonium phosphate, 6.9 per cent; protein, 6.2 per cent; 
uric acid, 49.7 per cent, and other substances, 4.9 per cent. Thompson’s 
figures from Canton hospital are uric acid and urates, 71 per cent; 
phosphates, 16 per cent, and oxalate, 8 per cent. In 1842, Bence-Jones 
gave the following analysis from England of 1,000 stones: uric acid and 
urates, 60.5 per cent; phosphates, 23.3 per cent, and oxalate, 14.2 per 
cent. In England and America at the present time most stones in the 
bladder are crushed, so that it is difficult to obtain percentages. Cabot 
has stated that the oxalate stone is the most common type in the infected 
bladder. Nakano, a Japanese worker, according to Swift Joly, stated 
that the following composition is fairly indicative of vesical stones found 
in England today: uric acid and urates, 23.3 per cent; phosphates, 19.4 
per cent; oxalate, 32.3 per cent; mixed, 16 per cent; cystine, 1.4 per 
cent, and foreign body, 5.3 per cent. 

In the Far East, stone in the kidney is rare compared with stone in 
the bladder. Newcombe and Ranganathan noted only 5 renal calculi in 
226 cases analyzed. In China, Thomson found there were 512 vesical 
to 4 renal stones. In the Siriraj Hospital, there were only 7 cases of 
renal stone as compared with 200 cases of vesical stone occurring in the 
three year period. In St. Peter’s Hospital in London, one fourth of 
all stones in the urinary tract are in the kidney. 

The relationship of vitamin A to the formation of stone in the 
bladder in children is probably indirect. Children are more likely to 
suffer from a diet deficient in vitamin A than adults. In Siam, the 


28. Noble, T. P.: Vesical Calculus in Siam, Brit. J. Urol. 3:14 (March) 1931. 
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children who have vesical stones had had a diet defective in vitamin A. 
This vitamin may affect the formation of stones by removing the pro- 
tective colloids from the urine. Certain colloids in the urine have a 
protective action and prevent the precipitation of salts. The total amount 
of colloid in the urine appears to be dependent on the diet, and is 
increased on a diet rich in protein. It is possible that the action of 
vitamin A removes the protective action of the colloids, and the salts are 
precipitated. 

| Ep. Nore.—Vesical calculus is the type which is known to be preva- 
lent in certain parts of the world as endemic. Dalmatia, the Indian 
Punjab, the Canton province of China, and Rumania are examples of 
stone centers. Osborne, Mendel and Perry, in 1917, first demonstrated 
that deficiency of vitamin A in the diet would produce calculi in the 
bladder of rats. The theory of dietary deficiency has been advanced by 
Ratschitch, Joly, McCarrison and others to account for the vesical 
calculi of children who live in localities where such stones are prevalent. 
Hager and Magath isolated Salmonella and Proteus ammoniae, urea- 
splitting organisms, from the urine of patients with cystitis and alkaline 
encrusted bladders and with urinary calculi. Although more is known 
of the cause of vesical calculi, just how the various factors of vitamin 
deficiency and infection bring about changes in the urinary colloids and 
cause a calculous type of crystalline precipitation is yet to be determined. ] 

Kearns and Turkeltaub °° stated that beneficial effects may possibly 
he obtained by the addition of vitamins to the usual methods of treating 
calculous disease. No harmful effects result, and there is often marked 
improvement in the general health of the patient. Formerly, elimination 
of foci of infection, often by radical measures, was stressed. In spite 
of eradication of these foci of infection in many cases, symptoms of the 
same prostatitis or pyelonephritis still remained. The authors reported a 
case in which removal of infected teeth and tonsils, with treatment by 


vitamins, resulted in cure of a severely incrusted bladder with cystitis. 


Diverticulum.—Fowler *° reported a case of vesical diverticulum 
treated in an unusual way. The bladder was opened widely over the 
vertex. The orifice of the diverticulum was located on the base of the 
bladder behind the trigone to the left of the median line incision. It 
admitted the index finger and was surrounded by a dense, unyielding 
ring of fibrous tissue. The bladder was otherwise normal. A pair of 
\llis clamps was introduced into the diverticulum, and the wall was 
grasped and brought up through the opening into the cavity of the 

29. Kearns, W. M., and Turkeltaub, S. M.: Encrusted Cystitis, J. Urol. 26: 
465 (Sept.) 1931. 

30. Fowler, H. A.: Vesical Diverticulum, Complicating Prostatic Obstruction : 
Report of an Unusual Case, J. Urol. 26:261 (Aug.) 1931. 
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bladder. By repeating this maneuver more than half of the diverticulum 
was delivered into the bladder. Further invagination was then impos- 
sible on account of adhesions at the base of the sac to the structures 
beneath. An incision was then made through the mucosa of the bladder, 
completely encircling the orifice, about 1 cm. from its margin. The 
mucosa was dissected toward the orifice, was grasped with clamps, form- 
ing a cuff of mucous membrane continuous with the lining of the diver- 
ticular sac. By traction on this cuff with the left hand, the freely 
movable portion of the sac was drawn up into the orifice and its 
mucosal lining was separated by gauze dissection and drawn into the 
bladder. After enlarging the opening of the diverticulum, a narrow 
blade retractor was inserted, and by retraction the index finger covered 
with gauze could be introduced at one point and further separation of 
the lining continued within the sac. By changing the position of the 
retractor, this process was continued around the circumference of the 
sac. The opening between the diverticulum and the bladder was closed, 
and the diverticulum drained extravesically. Later the prostate gland 
was removed. A good functional result was obtained. 


Peacock and Corbett ** stated that primary carcinoma in diverticulum 
of the bladder is more common than is indicated by the number of 
cases reported. Thorough examination of diverticula often reveals the 
presence of carcinoma. The diagnosis is extremely difficult. _Hema- 
turia with a diverticulum as the origin, as well as imperfect filling 
defects as revealed in diverticulograms, is suggestive of carcinoma. 
Diverticula occurring with prostatic hypertrophy should be removed 
if they are large and thoroughly exposed 


Exstrophy.—Cabot ** stated that earlier attempts at plastic opera- 
tion for the cure of exstrophy of the bladder were not successful, partly 


because of inherent difficulties or unsatisfactory closure and_ partly 


because of the impossibility of creating a satisfactory sphincter. ‘Trans- 
plantation of the ureters to the large intestine, beginning with the method 
of Maydl, was only partially satisfactory because of rather high imme- 
diate mortality and resulting injury to the kidneys from obstruction 
to the outlet of the ureters, with dilatation and progressive deterioration 
of the upper part of the urinary tract. The problem of treating 
exstrophy by ureteral transplantation differs from the general problem 
of ureteral transplantation in that the patients are children, the ureters 
and kidneys are generally normal, and time is not an important factor. 


31. Peacock, A. H., and Corbett, D. G.: Primary Carcinoma in Diverticula 
of the Urinary Bladder, J. Urol. 25:625 (June) 1931. 
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Fourteen cases are reported in which a two-stage ureteral trans- 
plantation, chiefly extraperitoneal, was carried out. ‘These operations 
were done over a period of ten years, and the average age of the patients 
was 8 years. There was no mortality, either immediate or remote. 
[he patients are well at a period varying from one to ten years after 
operation. Two women passed through three normal labors. 

Coffey’s principle of ureteral transplantation to the large intestine 
has been more satisfactory than any method previously employed. In 
cases of exstrophy of the bladder or epispadias in which other opera- 
tions have failed, the three-stage method of operation gives a low mor- 
tality and satisfactory results. There is some evidence to support the 
view that this method gives better late results than previous methods 
of transplantation. 

Submucous Fibrosis —Smith ** stated that there is apparently suf- 
ficient evidence that submucous fibrosis is due to an infected focus to 
warrant careful exclusion of such foci. The condition is usually accom- 
panied by a urethral lesion which requires treatment. Electrocoagula- 
tion through the cystoscope and supplemented by urethral treatment is 
the most satisfactory method of treatment in these cases. The author 
reported 5 cases of submucous fibrosis treated by electrocoagulation, 
together with regular dilation of the bladder and urethra, in all of 
which marked improvement resulted. 

Incontinence.—Johnston ** described his operation of apposing the 
torn ends of the sphincter muscles of the urethra in most cases of 
urinary incontinence following childbirth. The method was success- 
ful in 5 of 6 cases. The lithotomy position is used, and a Pezzer 
catheter is introduced into the bladder. Gentle traction on the catheter 
reveals the neck of the bladder. The anterior vaginal wall is incised 
mesially from a little above the urethrovesical juncture down toward 
the meatus, and the vaginal flaps are reflected laterally. The thickened 
neck of the bladder can then be felt. Directly below and stretching 
from side to side can be seen the deep layer of the trigone. By careful 
dissection far out on the sides just below this layer, the torn ends of 
the sphincter can be isolated. These ends are usually far out and 
pulled upward and outward. The sphincter muscle of the urethra has 
no sheath; the sheath of this muscle and that of the deep transversus 
perinei differentiate to form the two layers of the trigone, so that in the 
majority of these cases the deep layer is relaxed or partially torn. 
\dvantage is taken of this condition to include the deep layer of the 


33. Smith, G. G.: Experiences with Submucous Fibrosis of the Bladder, J. 
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trigone in the first stitch. This tough membrane aids in holding the 
ends of the muscle in place, and prevents the tearing out of stitches 
before healing is complete. The redundant vaginal mucosa is then 
excised, which obliterates the dead space, helps to support the urethra 
and tends toward healing. 

Obstruction.—Hepburn *° stated that detachment of the trigone 
muscle is a congenital condition and may be precipitated, like hernia, 
by unusual strain such as obstruction to the outlet of the bladder. Con- 
traction of Bell's muscles in the detached trigone will cause the base of 
the trigone, or interureteric muscle, to slide up toward the outlet of the 
bladder. This action deprives Bell’s muscles of their function of pull- 
ing open the internal sphincter. The trigone muscle becomes an 
obstructing valve-like dam. This condition may be confused with com 
pensatory hypertrophy of the trigone. The treatment is surgical, and 
the operation of making a trough through the obstructing trigone, as 
described by Young, gives good results. 


PROSTATE GLAND 

Hypertrophy.—Boit *° analyzed 114 unselected cases of adenoma of 
the prostate gland in which roentgenotherapy was used. Eight cases 
were described as first-stage hypertrophy, 22 as second stage, 78 as 
third stage, and 6 as acute retention. On three successive days three 


fields of 6 by 8 cm. were irradiated over the anterior and posterior pel- 
vis and over the perineum. The dose for each area amounted to 80 
per cent erythema dose, which led to a dose of about 94 per cent effective 


in the prostate gland. ‘The testes were protected. Shortly before each 
treatment the bladder was emptied, washed with a solution of boric 
acid, an enema was given and 10 cc. of 50 per cent dextrose solution 
was injected intravenously. If necessary, the treatment was repeated 
at intervals of four weeks. 

Ten of the 114 patients died from other diseases during the treat 
ment. Ninety-one patients were free from symptoms and had no reten- 
tion; this number included the 8 patients with first-stage hypertrophy 
and the 6 with acute retention. Six patients were improved, having a 
retention of from 10 to 200 cc. Seven patients did not improve. 
Carcinoma was found in one case at necropsy. Fifty-one patients were 
traced by letter, and 35 were examined from one to five years after 
treatment. Twenty-eight of the 51 traced patients had died, 11. from 
other diseases, 12 from complications of the prostatic disease and 5 

35. Hepburn, T. N.: Mobility of Trigone a Cause of Bladder Obstruction, 
J. Urol. 26:591 (Oct.) 1931. 
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from unknown causes. ‘lwenty-three were alive at the time of inquiry ; 
the function of the bladder of 15 was good; of 5 satisfactory, and of 
3 poor. Of the 35 patients examined, 19 had no retention and 16 had 
retention from 10 to 95 cc. In more than 50 per cent of all cases 
the result was good from one to five years after treatment; in about 
25 per cent it was satisfactory, and in the remaining 25 per cent it 
was poor. In 30 per cent of the cases there was recurrence; about a 
third of these patients responded to additional treatment. 

Treatment must not be repeated too often as it may lead to fibrosis 
of the pars prostatica, causing the same symptoms as stricture. Thirty- 
two patients remained well longer than one year; 13 were well for one 
or two years, 9 for two or three years, 8 for three or four years and 
2 for four or five years. 

Boit concluded that roentgenotherapy, with relatively high doses, 1s 
the method of choice in inoperable cases of adenoma of the prostate 
gland. In the operable cases of the second and third stages, prostatec- 
tomy is preferable. If operation is not done, irradiation usually offers 
vood results, which may be improved by further development of the 
technic of treatment. 

Bacon, Kretschmer and Woodruff “* analyzed 321 unselected cases 
of prostatic obstruction to determine the frequency and predominant 
types of associated heart disease. Chronic myocardial degeneration, 
accompanied usually by arteriosclerosis, was noted in 115 cases, in 90 
(78 per cent) of which electrocardiograms were abnormal. In the 277 
cases (70 per cent) the patients between the ages of 60 and 80 years 
(39.2 per cent) showed definite evidence of myocardial disease. There 
was greater frequency of higher systolic blood pressure in the pres- 
ence of myocardial changes than in the corresponding cases in the 
apparent absence of heart disease. In cases of decompensation, long 


periods of rest in bed were required with maintenance doses of digitalis. 


Slow decompression of the bladder in acute retention is particularly 


important in these cases. The most favorable results were obtained 
with sacral anesthesia. It does not produce the marked fall in blood 
pressure that accompanies spinal anesthesia, nor does it produce the 
cardiac embarrassment or respiratory complications associated with 
ether, ethelyne or nitrous oxide. 

There were 4 postoperative deaths directly attributed to heart dis- 
ease. Two of the patients had coronary thrombosis; 1 had manifested 
definite evidence of severe myocardial injury, although death did not 
occur until after repair of the suprapubic fistula, thirty-seven days after 

37. Bacon, C. M.; Kretschmer, H. L., and Woodruff, L. W.: Prostatic 
Obstruction: Electrocardiographic Study of 321 Cases; A Further Report, J. A. 
M. A. 97:1221 (Oct. 24) 1931. 
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prostatectomy. l*orty-seven patients who were examined a considerable 
time after operation showed general improvement in cardiac function 
as a result of the relief obtained from operation. 


Electrocardiograms emphasize the value of recognizing preopera- 
tively the presence of cardiac disease in cases of prostatic obstruction 
irrespective of clinical cardiac signs. The electrocardiogram must be 
considered only an aid, not the final criterion, in the diagnosis of myo- 
cardial disease. 

Herbst ** considered pulmonary embolism, its causes and their elim- 
ination and control to reduce the mortality from this surgical accident. 
The slowing of the blood stream with stasis has been combated by early 
movement of the patient’s limbs and body following operation. A con- 
sideration of the etiology of this condition should include not only the 
cases of the larger emboli causing sudden death, but the complications 
produced by small emboli that do not result in immediate death but 
seriously disturb convalescence and may be a factor in the fatal out- 
come from other causes. The clinical picture of the larger embolus 
that lodges in the lung and causes death instantly or within a few hours 
is characteristic and diagnosis is not difficult. The cases in which the 
arrival of the embolus in the lung is followed by severe localized pain, 
disturbances of respiration and the expectoration of bloody mucus or 
pure blood is also easily identified. In another group of cases the 
symptoms are not so characteristic and may be overlooked or diagnosed 
as bronchopneumonia, pleurisy or bronchitis. The condition may be 
present for weeks in these cases, and complications such as abscess 
of the lung and empyema may develop. 

It is Herbst’s opinion that infection contributes to the development 
of pelvic thrombosis which is the common forerunner of pulmonary 
emboli. These emboli rarely come from thrombosis of veins of the 
lower limbs. 

In regard to infections by catheter prior to prostatectomy, Keyes 
stated that preparation for prostatectomy is done by catheter when it 
seems feasible, and that preliminary suprapubic drainage is reserved 
for the chronically overdistended and infected bladder and when the 
use of the catheter causes unfavorable symptoms. To exclude from 
published statistics the deaths that occur before prostatectomy is per- 
formed is misleading as to the frequency, gravity and preventibility of 
infection by catheter. Herbst believes that some of the infection com- 
plicating the treatment of prostatic obstruction occurs during the 
period of preparation. The reduction in mortality following the intro- 
duction of preoperative study and two-stage prostatectomy led to bolder 
procedures being carried out. Drainage by catheter followed by a one- 


38. Herbst, R. H.: President’s Address, J. Urol. 26:167 (Aug.) 1931. 
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stage prostatectomy with visual removal of the prostate gland 
was adopted in many cases. Adenoma of the prostate gland is 
usually associated with infection in the gland itself, the urethra, the 
seminal vesicles or the upper part of the urinary tract. Such infection 
is almost certain to be stirred up by the presence of the indwelling 
catheter, and even in cases in which there is no infection at the start, 
infection may occur from the treatment. 

Neff *® stated that exposure of the bladder preliminary to cystostomy 
and other operations has invariably prevented any serious infection of 
or about the suprapubic wound. The method has great value for the 
patient who is a poor risk, and the patient with a severely infected pros- 
tate gland, the patient with a fat abdominal wall and for all patients 
who require lithotomy for stone. Open operation on the prostate gland 
and bladder can be easily done, and with the same relative gain in healing 
of the wound that is observed for simpler operations. Temporary looped 
sutures can be placed at the time of exposure for the purpose of guiding 
permanent sutures into position later, thereby gaining the same pro- 
tective reaction for suture tracks as for the main wound. 

Recurrence.—Cochems *° found 17 reported cases of recurrence of 
enlargement of the prostate gland with histologic evidence that the 
recurrence was benign. Recurrent glandular hyperplasia of the prostate 
gland results from growth of tissues remaining after total prostatectomy, 
by which usually only the hyperplastic periurethral glands are removed. 
Although the usual hyperplasia of the prostate gland arises in the inner 
glands, it has been shown that occasionally it occurs in the outer glands. 
Following enucleation of the inner glands, there may be hyperplasia in 
the outer glands, or surgical capsule, which then becomes a true 
recurrence. 

Cochems reported a case of recurrence of the prostate gland fourteen 
years after total suprapubic prostatectomy. Necropsy was performed. 
The recurrent small left lobe seemed to have had its origin from a 
fragment of tissue from the inner gland, remaining attached to the 


inside of the prostatic capsule, whereas the large recurrent right lobe 
apparently arose from the compressed true prostatic tissue within the 
capsule. The histologic structure was not unlike the usual glandular 
hyperplasia of the prostate gland. 


Cunningham * reported 3 cases of recurrent prostatic obstruction, 
and stated that reports reveal about 1 per cent return of this condition. 


39. Neff, J. H.: Exposure of Bladder as Step Preliminary to Cystostomy, 
Prostatectomy, and Lithotomy, Am. J. Surg. 13:40 (July) 1931. 

40. Cochems, F. M.: The Recurrence of Benign Enlargement of the Prostate, 
J. Urol. 25:661 (June) 1931. 

41. Cunningham, J. H.: Recurrent Benign Prostatic Obstruction, J. Urol. 26: 
271 (Aug.) 1931. 
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Several hypotheses are propounded as to the cause of recurrence oi 
benign prostatic hypertrophy. Takahaski suggested that the prostatic 
capsule is a tissue composed of flattened glands which will take on 
activity of regeneration of the gland when the pressure has been removed 
by the prostatectomy. Fraudenberg is of the belief that the regeneration 
takes place from small, adenomatous nodules left at the time of the first 
prostatectomy. 

Jacoby divided the glands of the prostatic urethra into mucous, sub- 
mucous and prostatic. The submucous glands form the cervical group 
about the vesical neck and may give rise to the pathologic middle lobe ; 
they are also situated on the anterior or ventral wall of the urethra. By 
histologic study he claims to have demonstrated that these two groups 
can develop even into the muscularis. Furthermore, the urethral glands 
are not the only ones to undergo hypertrophy; on each side of the 
ventral group there is a particular glandular zone, often continuous with 
the prostatic glands, which is the site of the hypertrophic centers. As 
they are continuous with the prostatic glands in the prostatic capsule, 
nuclei of hypertrophy may exist. These so-called nuclei of hypertrophy 
normally play only a secondary part, but become active after extirpation 
of the central glandular tumor which has compressed them, and may 
undergo such expansion as to form new prostatic tissue, even to the 
point of producing obstruction by overgrowth. 

Leiomyoma.—Hinman and Sullivan ** reported 2 cases of benign 
leiomyoma presumably of the prostate gland, producing rectal symptoms 
and mild prostatism. ‘The round leiomyomatous tumor in the first case 
was encapsulated and extraprostatic, being attached to the prostatic 
capsule by a short fibrous pedicle. The tumor in the second case was 
entirely contained within the prostatic capsule and apparently was pri- 
mary in the posterior lobe. Leiomyoma of the prostate gland is rare; 
only 4+ cases were noted in current pathologic literature. 

Stone.—lisenstaedt and McDougall ** reported a case of prostatic 
stone which, by increase in size, produced pseudodiverticulum of the 
urethra. They stated that calculi of this type have been described as 
urethral diverticular stones. True stones in the prostate gland are 
always multiple and have as a nucleus organic material, the corpora amy- 
lacea. The etiology of prostatic calculi is not definitely known but they 
are often associated with other genito-urinary lesions. Diagnosis of the 
condition is aided considerably by the roentgenogram. Treatment by 
perineal prostatotomy is preferred even when the stone communicates 
with the urethra. 


42. Hinman, Frank, and Sullivan, J. J.: Two Cases of Leiomyoma of the 
Prostate, J. Urol. 26:475 (Sept.) 1931. 

43. Eisenstaedt, J. S., and McDougall, T. G.: Prostatic Stone Causing Pseudo- 
diverticulum of the Posterior Urethra, J. Urol. 25:639 (June) 1931. 
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PENIS 

Carcinoma—Maxwell and Moran ** reported a case in which mild 
chronic balanitis, with tight, redundant prepuce, developed into granulo- 
matous thickening of the prepuce and an indurated cauliflower-like 
tumor about 1 cm. in diameter. The diagnosis of squamous cell carci- 
noma was confirmed by biopsy. The glands in the groin were palpable 
but were thought to be normal or mildly inflammatory. 

A mold of Colombia paste 1.5 cm. thick was made to cover the entire 
length of the penis. Thirty-five milligrams of radium element in seven 
foci were disposed around the circumference of the mold, with a filtra- 
tion of 0.5 mm. of platinum, The testes were protected with lead sheet- 
ing. A minimal time of exposure of four days is desirable; in the 
present case, applications were made for ten hours daily over a period 
of eighteen days. The radium reaction disappeared at the end of six 
weeks, and the epithelium at the end of three weeks. The glands of the 
groin were not treated, and after fifteen months there was no sign of 
metastasis. If there is any suspicion of glandular masses, surgical 
excision should be done, followed by deep irradiation or by the applica- 
tion of radium at a distance. 

Young *° reported his technic for cure of carcinoma of the penis, 
which he has recently made more radical but still conserved the root of 
the penis and the sexual powers. The procedure consisted of extensive 
block dissection of the fat surrounding the glands of the groin, the pubic 
region, the upper portion of the thigh and fatty prolongations into 
the upper portion of the scrotum. Included in the dissection were the 
lymphatic and surrounding structures along the base and root of the 
penis in continuity with the portion of the penis amputated for removal 
of the growth. The recent modification to make the procedure more 
radical includes removal of Buck’s fascia, which surrounds the corpora 
cavernosa and urethra, to the root of the penis, and insures complete 
removal of the dorsal lymphatic structures. 

As now performed, the operation is as follows: The region of the 
tumor is covered with tightly fitting, antiseptic dressing. Care is taken 
thoroughly to sterilize the operative field, as the carcinomatous lesion 
is usually markedly infected and probably responsible for frequent post- 
operative suppuration. A semilunar incision is made from a point near 
the anterior superior spine of the ileum on one side to the other. The 
lower part of this incision is just above the base of the penis, and 
through skin and fat. From the most dependent portion of the incision 


44. Maxwell, W., and Moran, H. M.: Epithelioma of the Penis Treated by 
Radium, M. J. Australia 1:409 (April 4) 1931. 

45. Young, H. H.: A Radical Operation for the Cure of Cancer of the Penis, 
T. Urol. 26:285 (Aug.) 1931. 
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two parallel longitudinal incisions are made about 2 cm. apart, one o1 
each side of the shaft of the penis down to the point at which ampu- 
tation is to be carried out. A circular incision is then made around the 
inferior surface of the penis from one of these longitudinal incisions 
to the other, but the skin across the dorsum is not divided by the cir- 
cular incision. The incisions along and around the penis are only super- 
ficial, and do not extend to Buck’s fascia, which encircles the corpora 
cavernosa. The skin is elevated at the upper angle of the wound in the 
groin, subcutaneous fat and glands are dissected cleanly from the deep 
fascia, proceeding from above downward. As this fatty glandular mass 
is carried downward, the anterior surface of the inguinal canal, the 
external rings and the spermatic cords with their fascial coverings are 
exposed. When the scrotum is reached, the fat which accompanies the 
spermatic cord is followed for a short distance down the scrotal sac, 
so as to secure any lymphatic vessels or glands which might lie in the 
upper part of the scrotum. The skin surrounding the base of the penis 
is then dissected backward for a short distance, exposing Buck’s fascia, 
which covers the corpus cavernosum and spongiosum. A longitudinal 
incision is then made through Buck’s fascia along the undersurface of 
the corpus spongiosum, and Buck’s fascia is then dissected up from the 
right lateral aspect of the spongidsum and cavernosum until the sus- 
pensory ligament is reached, when this fascia is divided transversely. 
The corpus spongiosum is then divided obliquely, and the corpora 
cavernosa transversely at a point from 1.5 to 2 cm. farther back. The 
ends of the corpora cavernosa, which had been clamped to avoid hem- 
orrhage, are brought together. The urethra, which projects from 1.5 
to 2 cm. beyond the stump of the ligated corpora cavernosa, is then 
sutured into the skin, which is drawn over it along the dorsum by inter- 
rupted sutures. 


[Ep. Note.—A fair opportunity for cure of carcinoma of the penis 
is offered by surgical treatment according to Young’s technic. Advo- 
cates of radium therapy, such as Ferry, Monod, and Maxwell and 
Moran, are increasing. There is some evidence to show the superiority 
of radium if properly applied before the growth has penetrated Buck's 
fascia or metastasized to the inguinal or possibly to the deep pelvic 
nodes. 

It is generally conceded that phimosis is at least an aggravating 
cause, and that circumcision in early life will tend to prevent the occur- 
rence of this distressing lesion. Probably the operation of Young rep- 
resents the best therapeutic method of attack at the present time. ] 

Lewis ** reported 34 cases of radical operation for carcinoma of the 
penis done by Young’s method. Thirty-one patients left the hospital 


46. Lewis, L. G.: Young’s Radical Operation for the Cure of Cancer of the 
Penis: A Report of Thirty-Four Cases, J. Urol. 26:295 (Aug.) 1931. 
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with their wounds healed and were voiding freely through the newly 
formed meatus in the penile stump. Fifteen of these patients are living, 
8 have not been located and 8 have died. One patient has lived sixteen 
vears since operation without recurrence of tumor. 

"Patients who came for operation within one year after noting the 
initial lesion and without metastatic involvement of the glands are the 
best risks. There were 10 in this group, 8 of whom are well and 2 have 
not been located. Sixteen patients came for examination within two 
vears after noting the initial lesion; 11 are living and well, 3 have not 
been located and 2 have died. Of 5 patients who were not examined 
until after five years’ illness, 2 are living and well, nine and eight years, 
respectively. One patient was well three years after operation and 
cannot be located. One patient has not been traced and 1 died of 
metastasis to the lungs three years after operation. Of the 15 patients 
without metastatic involvement, the average life since operation is four 
and eight-tenths years. Eight patients with metastasis lived an average 
of two and a half years after operation. 

In this series of cases there was no instance of recurrence in the 
penile stump, none of postoperative extension to the scrotum or con- 
tents and no appearance of recurrence in the operative field (genitalia 
or groin) when complete radical resection was done. 

The high incidence of phimosis before evidence of malignancy of 
the penis appears was noted by Dean to be 74 per cent in 75 cases. 


Barney reported 85 per cent in 100 cases. Wolbarst, in commenting on 
circumcision as a prophylactic, concluded that circumcision done in 
infancy is a decisive factor in the rarity or absence of carcinoma of the 
penis in Jews. 


TESTIS 

Undescended Testis—Cabot and Nesbit ** called attention to the 
variance of opinion as to the incidence of undescended testis. Zeibert, 
in 1898, reported an incidence of 0.2 per cent in 6,962,543 examinations 
in the Austrian army between 1870 and 1882. Beven estimated the 
incidence as 1 in 500. The War Department of the United States 
reported 3.1 to 1,000 men examined for the draft. 

Cryptorchidism occurs most frequently on the right side. There is 
no constant etiologic factor in this deformity, although the shortness of 
the spermatic vessels presents the greatest difficulty in placing the testis 
in the bottom of the scrotum. The undescended testis is generally found 
to be somewhat smaller and of softer consistence than the normal testis. 
\ssociated indirect inguinal hernia of some degree is the rule, although 
this is not true in all cases. 


47. Cabot, Hugh, and Nesbit, R. M.: Undescended Testis: Principles and 
Methods of Treatment, Arch. Surg. 22:850 (May) 1931. 
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Cabot and Nesbit described a method of orchiopexy that utilizes 
the principle of constant traction. An incision is made in the skin 
extending from the internal inguinal ring down to the neck of the 
scrotum. ‘The inguinal canal is opened, and the external ring is incised. 
The testis and cord are then exposed and isolated. The processus 


vaginalis is next dissected carefully from the cord and dealt with as any 


indirect inguinal hernial sac. When a complete hernial sac is found, 
the lower end of the processus vaginalis is not closed, as hydrocele is 
almost certain to result. The cord structures are then freed. With one 
finger in the retroperitoneal space, the spermatic vessels are freed from 
the posterior surface of the peritoneum. The cord will then permit a 
fairly normal descent of the testis. A finger is next pushed down into 
the scrotum to establish a bed in which the testis is to lie. A suture 
is passed through the remains of the gubernaculum and tied so that the 
two ends can be used for traction on the testis. The needles are then 
introduced and pushed out through the skin at the lowest point. With 
the sutures so placed, the testis is drawn down into the scrotum. ‘The 
sutures are then attached to a wire frame and rubber band so as to 
produce constant gentle downward traction on the testis. The traction 
thus applied is left on for about twelve days, being adjusted occasionally 
during that time so as to remain constant. 

In a series of 25 cases covering a period of two years, bilateral 
undescended testes occurred in 6; 13 occurred on the left side and 6 
on the right. Recent data concerning 17 cases revealed that the testis 
was in the normal position in the scrotum in 10, and in the upper part 
of the scrotum in 7; in none was it at a higher level. In 13 cases the 
testes were of normal size; 2 were slightly larger than normal, 1 was 
slightly smaller than normal, and 1 was definitely atrophic. 

Metcalfe ** reported a case of tubular hermaphroditism. The man was 
aged 31 years, married, well developed and apparently normal except for 
the presence of an abdominal tumor, undescended testes and a right 
indirect inguinal hernia. 

Laparotomy disclosed a rudimentary uterus 18 cm. long, and two 
fallopian tubes. There was a testis at the fimbriated extremity of the 
left side and on the right side a large embryonal carcinoma or teratoma 
of the testis. There was a normal appearing vas deferens lying in the 
angles between the uterus and fallopian tubes. 

This is a perfect example of tubular hermaphroditism in which there 
is complete development of the mullerian and wolffian ducts. This con- 
dition must be distinguished from true hermaphroditism or glandular 


48. Metcalfe, R. H.: Uterus Masculinus: Complete Tubular Hermaphroditism, 
with Teratomatous Enlargement of an Undescended Testicle, Brit. J. Surg. 18: 
335 (Oct.) 1930. 
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hermaphroditism in which both ovaries and testes exist in the same 
person. The arrangement of the feminine organs in this instance was 
more perfect than in any case previously reported. Primrose, in 1898, 
reported a similar condition with ass ciated teratoma of the undescended 
testis. 


Klages *® reported a case of testicular carcinoma associated with 
tuberculosis of the epididymis. The epididymis had been excised for 
tuberculosis two years before. One year before, the patient was again 
suffering from pain in the right testicular region, and, as the testis was 
enlarged, the growth was excised and found to be carcinoma. 

The growth appeared to arise on the epithelium of the seminal 
tubules. Sarcoma-like tissue was also present in various areas, and 
numerous infiltrating lymphocytes. Necrosis was extensive. Tissue 
trom the right inguinal region showed tuberculosis in some lymph nodes 
and areas of the tumor cells in others. The material from the left 
inguinal region showed metastatic tumor. Klages believed that the 
tuberculosis of the epididymis acted probably as a chronic irritant on 
the testicular tissue. 

| Ep. Note.—Tuberculosis and malignant neoplasms are rarely found 
simultaneously, although from time to time such reports occur in the 
literature. Klages’ case is of interest, especially since he found tubercu- 
losis and carcinoma cells as metastatic lesions in the regional lymph 
nodes. | 

NEUROSURGERY 

Learmonth °° stated that operations on the nerves of the bladder 
must be based on accurate knowledge of functional anatomy if they are 
to be used in the treatment of vesical diseases. With the exception of 
the inconsiderable filaments which join the hypogastric ganglions direct 
from the sacral paravertebral sympathetic chains, the majority of the 
sympathetic nerves of the bladder reach it by way of the presacral nerve. 
lor the surgical exposure of the sympathetic nerves of the bladder, 
|.earmonth has used the left paramesial incision, a third of the incision 
heing above the umbilicus, and two thirds of it below. The packing off 
of the intestine, to expose the posterior abdominal wall, is much 
facilitated by the use of spinal anesthesia. The peritoneum over the 
promontory is picked up, and incised in a vertical direction, to the upper 
limit of the exposure. Each lip of the peritoneal incision is then care- 
fully retracted. A strand may be identified as it passes over the left 


49. Klages, Friedrich: Hodenkrebs bei alter Nebenhodentuberkulose, Ztschr. f. 
Krebsforsch. 31:587, 1930; abstr.. Am. J. Cancer 15:506 (Jan.) 1931. 

50. Learmonth, J. R.: Neurosurgery in the Treatment of Diseases of the 
Urinary Bladder: I. Anatomic and Surgical Considerations, J. Urol. 25:531 
(June) 1931. 
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common iliac vein. This strand is then placed on a blunt hook, and as 
further strands are identified, first toward the median line and then 
toward the right common iliac artery, they are in turn placed on the 
hook. At the conclusion of the dissection the common iliac arteries and 
the left common iliac vein should be denuded of nerve fibers. The nerve 
is now divided between ligatures, as high as possible. ‘The peripheral 
end is raised by blunt dissection with a cotton pledget, and any com- 
municating fibers from the lower lumbar ganglions are severed during 
this process. .\s soon as the hypogastric nerves are reached, each is 
clamped and divided proximal to the clamp; the segment of nerve may 
then be removed. 


In doing subtotal denervation of the bladder, Learmonth employed 
the transperitoneal route. The bladder is identified, and the upper por- 
tion of its fundus is freed extraperitoneally, so that it can be used later 
as a tractor. The peritoneum is then opened, and the lateral wings of 
a self-retaining retractor are adjusted. The highest possible Trendelen- 
burg position gives the best exposure for the subsequent steps of the 
operation. The peritoneum is incised along the course of each ureter 
and from this point downward to the ureterovesical juncture. The lower 
ends of these peritoneal incisions are then joined in front of the rectum. 
Various methods of identifying the nerves may be used. Learmonth 
does it by making a dissection toward the lateral wall of the pelvis, until 
the sheath of fascia on the internal aspect of the pelvic blood vessels is 
identified, when the dissection is deepened in this plane. The ganglion 
and its branches lie against the inner aspect of this fascia, and by carry- 
ing out the dissection in this way the vesical nerves can be identified. 
The five or six larger nerves for the lateral aspect of the bladder are in 
turn picked up by a hook and divided. When both sets of nerves have 
been divided, the procedure is repeated on the remaining side. Hemor- 
rhage has not been a factor during these manipulations. 


[Ep. Note.—Neurosurgical procedures in urology are an innovation 
of the last decade. Renal denervation as practiced by Legueu, Papin 
and others is well known. Grant’s contribution is noteworthy, although 
the indications for its employment will be limited. Learmonth, in the 
treatment for certain types of vesical paresis, has made a distinct 
advance. When the detrusor function is active to some degree, by 
section of the presacral nerve, the brake on the emptying mechanism of 
the bladder may be released. Just what remains to be accomplished in 
this field is as yet difficult to determine, as too few patients have been 
treated at the present time to warrant drawing conclusions. | 


Grant, following the experience of Spiller and Frazier, advised 


chordotomy for relief from pain in the genito-urinary tract. Chordotomy 


51. Grant, F. C.: Cordotomy for Relief of Pain in the Genito-Urinary Tract, 
J. Urol. 25:551 (June) 1931. 
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as three definite advantages over posterior rhizotomy and other surgical 

measures proposed for relief from pain. By section of the spinothalamic 
tract, anesthesia for pain can be obtained over the entire contralateral 
half of the body up to within one or two segments of the level of the 
incision. If the posterior roots exposed in the operative field are also 
cut, the area of anesthesia may extend up to the same segment. Motor 
function is not impaired following chordotomy ; only pain and tempera- 
ture sensations are destroyed, whereas touch, position and muscle sense 
remain intact. Chordotomy requires the removal of only three spines 
and laminae, thus reducing the operative risk. The fourth thoracic 
segment is the level at which the section should be made. In this region 
the cord is easily exposed and because of its relatively small size may be 
rotated readily for proper placing of the incision. 

Chordotomy for relief of pain has been performed in 49 cases by 
Frazier or his associates, Grant reviewed only the 13 cases in which the 
lesion producing pain involved the genito-urinary tract. Six of the 
patients were men, and the remainder were women. The average age 
was 50 years. Twelve patients had carcinomatous growths involving the 
venito-urinary tract, and 1 patient suffered from ulcers of the bladder. 
\ll required morphine before operation to control the pain. Three 
patients succumbed as a direct result of the operation. These data illus- 
trate the value of chordotomy for the relief from severe intractable pain 
in the pelvis and lower extremities. In every instance the pain ceased 
promptly, and morphine was no longer required. 


UROGRAPHY 

Herbst ** stated that pyeloscopy preliminary to pyelo-ureterography 
will eliminate repeated cystoscopic examination if urograms are unsatis- 
factory as a result of difficulties in filling technic. There are definite 
renal abnormal motility syndromes that produce pain which can be recog- 
nized by pyeloscopy and satisfactorily relieved by physostigmine 
(eserine) or sympathectomy. The further observations and medical 
and surgical data obtainable in this field offer a new era in the handling 
‘{ syndromes of renal pain. 

Pettit and Dunham ** stated that patients with renal tuberculosis are 
usually intolerant of instrumentation, because of their extreme sensitive- 
ness. Ureteral catheterization should be avoided if possible, especially 
is It may be necessary to give a general anesthetic for this proce- 

52. Herbst, W. P.: Pyeloscopy: A Diagnostic Procedure Which Promises to 
Inaugurate a New Era in the Recognition and Satisfactory Treatment of Painful 
\bnormal Motility Syndromes of the Upper Urinary Tract, J. Urol. 26:233 

\ug.) 1931. 
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dure. Ascending pyelography should also be avoided if possible. Kearns 
reserves retrograde urography for cases in which diagnosis is doubtful, 
and does not inject kidneys in the presence of advanced cavernous dis- 
ease because of danger of rupture into the renal substance. Patients 
with renal tuberculosis should not be subjected to unnecessary shock. 

A method that will visualize the urinary tract without the necessity 
of a general anesthetic, shock of instrumentation and dangers of dis- 
semination is desirable in treating renal tuberculosis. Intravenous 
urography has been successfully employed by Pettit and Dunham in 5 
cases. No untoward results, contraindications or harmful effects were 
noted. ‘They concluded that intravenous urography is safe and painless 


in renal tuberculosis, and that it may reveal surprising anatomic changes. 


A careful study of a larger number of cases, utilizing this method in con- 
junction with the older chemical, functional, bacteriologic and anatomic 
methods will greatly increase the knowledge of this disease. 


URINARY DISEASES IN PREGNANCY 

Crabtree and Prather ** accept as a working hypothesis that pelvic 
and ureteral overdistention exists in all pregnant women as a direct 
result of a tight-fitting fetus in an inelastic abdomen. Changes in renal 
pressure occur as a rule at or near the end of the fourth month. Stasis 
in the pelves and ureters is present from the fifth month to the end of 
pregnancy. The right kidney is affected more frequently than the left, 
regardless of the position of the fetus. Cystoscopic and pyelographic 
evidence shows that immediately after delivery there is atony of the 
pelvic and ureteral musculature. The pelvis remains for a time dis- 
tensible beyond the normal capacity of the renal pelvis, whereas forcible 
overdistention produces the typical deformity of pyelonephritis in preg- 
nancy. All these factors usually return to normal near the end of the 
third month after delivery, these retrogressive changes taking place in 
proportion to the degree and duration of overdistention. 

The symptoms of urinary disease in pregnancy are confusing 
Cystitis is rarely encountered even when infected urine has been passing 
through the bladder for months. Symptoms of pyelonephritis are the 
most common, irrespective of the underlying lesion. Renal tuberculosis 
which has its inception during pregnancy may simulate or it may be 
pyelonephritis. Later the colon bacillus disappears, and the bacillus of 
tuberculosis both in stains and guinea-pig tests are produced. 

Treatment of urinary infection during pregnancy is as follows: As 
a preventive measure, the importance of high intake of:fluid is stressed. 

54. Crabtree, E. G., and Prather, G. C.: Urinary Diseases in Pregnancy: A 
Consideration of Preventive and Therapeutic Measures in Treatment and Con- 
servation Surgery, J. Urol. 26:499 (Oct.) 1931. 
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|i any pains referable to the kidneys or fever appear, rest in bed is 
prescribed and fluids are forced to 4,500 ce. a day. When the symptoms 
disappear, the patient is referred to the urologic clinic. If these cases 
ire uncomplicated by stone or other lesions, the patients usually have no 
further trouble. High intake of fluid is second in importance to rest in 
bed. Liquids are administered by mouth when possible, and by rectum 
and hypodermically in large quantities. A toxic patient seems best 
carried on from 60 to 80 grains (3.9 to 5.2 Gm.) of potassium citrate, 
or other alkali, each day. The patients are kept on 40 grains (2.6 Gm.) 
oi methenamine, U. S. P. and 80 grains of acid sodium phosphate 
throughout pregnancy. If temporary improvement is followed by recur- 
rence of symptoms, or if the elevation of temperature persists for from 
five to seven days, cystoscopic treatment is instituted. This consists of 
draining and washing the pelves with a solution of boric acid, allowing 
drainage for from fifteen to twenty minutes and installing from 3 to 
5 cc. of 1 per cent solution of silver nitrate. The inlying catheter is not 
needed. 

The care of urinary disease after delivery is extremely important. 
Symptoms are often latent, and infection will exist for six months to a 
year after delivery before cystitis is evident. The ureters are seldom 
dilated unless there is a definite stricture, nor is pelvic lavage, as a rule, 
used in the first three months post partum. If pyuria or bacilluria 
persists beyond the fourth month, a complete cystoscopic examination is 
made. Many interesting anomalies and cases suitable for plastic opera- 
tion and other corrective measures are noted in this group. Some cases 


show only atony from extreme degree of overdistention. Other preg- 


nancies are inadvisable before complete recovery from the infection has 
taken place. 

Wilhelm °° reported a case of postpartum bilateral pyoureter and 
pyonephrosis with blood high in nitrogen in daily treatment with reflux 
pelvic lavage gave satisfactory results. This treatment is simple, and 
applicable in cases of pyoureter and pyonephrosis when reflux can be 
demonstrated by cystographic examination. 

Kretschmer °* stated that the types of lesions of the urinary tract 
occuring in infancy and childhood closely parallel the types found in the 
adult, except benign hypertrophy of the prostate gland and malignant 
disease of the prostate gland and bladder. In certain instances, examina- 
tion revealed the presence of serious destructive lesions of the kidney, 
which might have been cured had an early diagnosis been made and 
treatment instituted. Diagnosis and treatment may be carried out as 


55. Wilhelm, S. F.: Reflux Pelvic Lavage, J. Urol. 26:247 (Aug.) 1931. 
56. Kretschmer, H. L.: Diseases of the Urinary Tract in Infancy and Child- 
od, Surg., Gynec. & Obst. 53:129 (Aug.) 1931. 
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for the adult. The cooperation of general practitioner, pediatrician ai 
urologist would lead to examination of these patients in the early stages 
of the disorder, and thus give them the benefit of proper treatment, and 
prevent destruction of vital organs. 

Levinson ** reviewed 25 cases of gangrene of the scrotum of children, 
including 2 cases of his own. The youngest patient was aged 5 day 
the oldest, 14 years. The mortality in cases of gangrene of the scrotun 
of all types and all ages reported in the literature varies between 22.| 
per cent in Coenen and Przedbroski’s series to 32.1 per cent in Randall’ 
series. In the 25 cases among infants and children, 17 patients (68 pe: 
cent) recovered, 7 (28 per cent) died and for 1 patient (4 per cent) tl 
result was not stated. 

There is no standard treatment for gangrene of the scrotum 
Chlorinated soda is used with satisfactory results. 

The causes of gangrene of the scrotum are usually divided into four 
groups: (1) infectious diseases, such as measles, influenza, malaria 
pneumonia, typhoid fevér, variola and varicella, and metabolic diseases, 
such as diabetes; (2) urinary extravasation and infiltration; (3) trauma 
to the genital organs or to the buttocks, caused by mechanical, chemical 
or thermal factors, and (4) local inflammation. 

Young ** stated that the phenolsulphonphthalein test of renal function 
is most valuable in showing early impairment, and that it is particular]; 
important to forewarn a surgeon if prostatectomy is contemplated. 
Chemical changes in the blood usually demonstrate renal changes at a 
later stage, but when viewed in conjunction with the phenolsulphon- 
phthalein test, they are of great value. Indigo carmine, although valuabk 
in the cystoscopic detection of ureteral orifices if cathetrization is diffi- 
cult and in giving an idea of the renal function of both sides, is not as 
accurate as the phenolsulphonphthalein test, nor so accurate as an index 
of operability in prostatectomy. For more correct determinations of the 
phenolsulphonphthalein test, a new rotating disk colorimeter and a new 
system of charting have been designed. 

Caldwell, Marx and Rowntree * performed experiments to ascertai 
the effect of renal sympathectomy in animals. Two dogs were placed i: 
metabolism cages and fed a constant amount of milk, water and dog 
biscuits. The output of urine was measured daily. After a few days 
denervation was done through a median line incision, exposing th« 


57. Levinson, A.: Gangrene of the Scrotum in Infants and in Children, An 
J. Dis. Child. 41:1123 (May) 1931. 

58. Young, H. H.: Kidney Function Tests: A New Phthaleinometer and 
Chart for Recording Tests, J. Urol. 26:25 (July) 1931. 

59. Caldwell, J. M., Jr.; Marx, Hellmut, and Rowntree, L. G.: Renal Functio: 
After Bilateral Denervation of the Kidney in Normal Dogs, J. Urol. 25:351 
(April) 1931. 
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kidneys through a transperitoneal approach. Sympathetic nerves were 
removed from the renal artery and vein by dissection. Apparently 
there was no advantage in sectioning the splanchnic nerves. The renal 
function was observed by special tests over a period of five months. 
lhe dogs remained in good health through the experiment. 

Marked polyuria followed denervation in two animals. Transient 
glycosuria appeared in the first days after denervation in two of the three 
animals. Concentration of sugar in the blood was not increased, which 
showed that the glycosuria was renal in origin and might have been due 
totrauma. Denervation did not impair the capacity of the normal kidney 
to secrete dye, as indicated by the phenolsulphonphthalein tests. The 
concentrative power of the kidneys, as shown by the concentration test, 
was lessened for a time in all, and persisted in one animal for about two 
months. The response of the kidneys to intake of water was increased 
more than normal after denervation. The response to a specific diuretic 
was an increased output by all animals after denervation, and this per- 
sisted in one animal for about two months. Overfunction of the kidneys 
could not be demonstrated at the end of five months in any of the dogs. 


Bumpus °° made a comparative study of the value of specific gravity 
of urine with the excretion of phenolsulphonphthalein obtained from 
each kidney separately in 145 cases. In 99 cases, the tests of specific 
gravity corresponded with those in which phenolsulphonphthalein was 
used and were comparable to the known clinical data. There was an 
average accuracy of approximately 70 per cent, provided the test with 
phenolsulphonphthalein and the clinical estimate were accurate, Bumpus 
concluded that the test of specific gravity is an aid in diagnosis, but does 
not exceed in accuracy the test with phenolsulphonphthalein. 


Diathermy in Nephritis—Ewig ® presented an analysis of the effect 
of diathermy on renal function and reported two cases of acute nephritis 
in which diathermy had produced benefit. He concluded that diathermy 
of the normal kidney leads to increased diuresis, acute glomerular 
nephritis is influenced materially by intense diathermy to the kidneys and 
eclamptic conditions usually disappear without any other therapeutic 
measures if diathermy is given to the kidneys and to the head. In sub- 
chronic and chronic nephritis, the results are questionable. The cerebral 
symptoms of renal insufficiency are influenced favorably by diathermy 
applied to the head. 


60. Bumpus, H. C., Jr.: Tests of Function of Each Kidney Separately: A 
Comparison of the Value of Specific Gravity of Urine with Excretion of Phenol- 
sulphonephthalein, J. Urol. 25:387 (April) 1931. 

61. Ewig, W.: Diathermiebehandlung der Nierenentziindung, Deutsche med. 
Wehnschr. 57:51 (Jan. 9) 1931. 
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UROLOGIC SURGERY IN EUROPE 

Walters “* stated that in urologic clinics in Germany, it 1s estimated 
that, following removal of renal calculi, the incidence of recurrence is 
approximately 10 per cent. Operation for the removal of renal calculi 
is consequently almost necessarily conservative, and the kidney is 
preserved. Even large, branched stones can be removed successtully by 
upward retraction of the renal parenchyma, allowing larger exposure of 
the renal pelvis. Frequently, temporary nephrostomy is done. In con- 
traction of the vesical neck, von Lichtenberg prefers a transvesical 
plastic operation, the principle of which is similar to that of Heineke- 
Mikulicz method of enlarging the pylorus. It consists of splitting the 
vesical mucous membrane to the mucous membranes of the urethra, 
enlarging the outlet, and at the same time affording union of mucous 
membrane to mucous membrane. 

In chronic pyelonephritis, if symptoms persist in spite of drainage of 
the pelvis by ureteral catheter or lavage, exploration of the kidney has 
seemed warranted. At the time of the exploration, perirenal and peri- 
ureteral fat is removed, the kidney is decapsulated and temporary 
nephrostomy is carried out. This procedure promotes better drainage 
and an increase in the blood supply to the kidney by removal of the con- 
stricted fibrous and fatty capsule and by nephropexy. It also affords an 
opportunity for thorough exploration of the kidney and upper third of 
the ureter. 

The Learmonth operation of resection of the presacral nerve is being 
used for relief from pain due to extensive carcinomas of the prostate 
eland, as well as for the treatment for some of the motor disturbances 
of the bladder. The treatment of vesical neoplasm seems to be becoming 
standardized. Vesical lesions localized to the dome or lateral walls of 
the bladder are removed by segmental resection of that portion of the 
wall of the bladder that contains the lesion. If the tumor is of the 
localized, papillomatous type with a small noninvolved pedicle, trans- 
vesical excision is carried out, approximating the wall of the bladder 
from the interior. Lesions involving the base of the bladder are 
destroyed by diathermy. If the tumor involves a large part of the 
bladder, especially if the ureters are dilated from being obstructed. 
bilateral inguinal ureterostomy is done, followed later by total 
cystectomy. 

In the majority of cases prostatectomy is done in two stages, with an 
interval of two or three weeks or longer between cystostomy and prosta- 
tectomy, depending on the condition of the patient. In Germany it was 
observed that a relatively small number of patients operated on for 
prostatic hypertrophy was more than 70 vears of age. 


62. Walters, Waltman: Urologic Surgery in Some Foreign Clinics, Proc 
Staff Meet., Mayo Clin. 6:408 (July 8) 1931 








